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DNA VACCINE AGAINST FELINE IMMUNODEFICIENCY VIRUS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This patent application is a divisional patent application of United States Serial Number 09/593,580, 
filed June 14, 2000, which claims the benefit of priority of United States Provisional Serial Number 
60/138,999, filed June 14, 1999, all of which are incorporated herein by reference. 

1. FIELD OF THE INVENTION 
The present invention is in the field of animal health, and is directed to vaccine compositions and 
diagnostics for disease. More particularly, the present invention relates to polynucleotide molecules that 
can be used as vaccine components against feline immunodeficiency virus. 

2. BACKGROUND OF THE INVENTION 
Feline immunodeficiency virus (FIV) infection in cats results in a disease syndrome similar to that 
caused in humans by human immunodeficiency virus-1 (HIV-1) infection. After infection of cats by FIV, 
disease progression begins with a transient acute phase illness (8 to 10 weeks), followed by a prolonged 
asymptomatic phase varying from weeks to years, and a terminal symptomatic phase (Ishida and 
Tomoda, 1990, Jpn. J. Vet Sci. 52:645-648; English et al., 1994, J. Infect. Dis. 170: 543-552). Similar to 
HIV-1 disease progression (Graziosi etal., 1993, Proc. Natl. Acad. Sci. 90:6405-6409; Baumberger etal., 
1993, AIDS 7:S59-S64; Wei et al., 1995, Nature 373:117-122), FIV RNA load in plasma has been 
demonstrated to correlate with disease stage, and can predict disease progression in accelerated FIV 
infection (Diehl etal., 1995, J. Virol. 69:2328-2332; Diehl etal., 1996, J. Virol. 70:2503-2507). 

Based on the genetic diversity of the ENV protein of FIV, especially the V3 region, five FIV 
subtypes have been proposed: subtypes A and B, mainly in North America, Europe and Japan; subtype C 
in British Columbia and Taiwan; subtype D in Japan; and subtype E in Argentina (Sodora ef al., 1994, J. 
Virol. 68:2230-2238; Kakinuma etal., 1995, J. Virol. 69:3639-3646; and Pecoraro etal., 1996, J. Gen. 
Virol. 77:2031-2035). 

Similar to other lentiviruses, such as HIV-1, the FIV genome contains three large open reading 
frames, i.e., GAG (group antigens), ENV (envelope), and POL (polymerase), and three small open 
reading frames encoding regulatory (i.e., non-structural) proteins, i.e., Rev (regulator of expression of 
virion protein), Vif (virion infectivity factor) and ORF2 (open reading frame 2). The provirus contains two 
long terminal repeats (LTR), one at each end of the genome (Talbott et al., 1989, Proc. Natl. Acad. Sci. 
USA 86:5743-5747; Olmsted etal., 1989, Proc. Natl. Acad. Sci. USA 86:8088-8092). GAG is a precursor 
polyprotein that is processed into three mature virion structural proteins, i.e., the matrix (MA), capsid (CA) 
and nucleocapsid (NC) proteins. ENV is a precursor protein that is processed into two envelope structural 
proteins, i.e., the surface (SU) and transmembrane (TM) proteins. POL encodes four enzymatic {i.e., non- 
structural) proteins, i.e., protease (PR), reverse transcriptase (RT), deoxyuridine triphosphatase (DU) and 
integrase (IN). 
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The mechanism by which protective immunity against FIV infection can be achieved remains 
poorly understood. It has been reported by some groups that virus neutralizing (VN) antibodies appear to 
play a major role in the observed protection (Yamamoto etal., 1991, AIDS Res. Hum. Retrovir. 7:911-922; 
Hosie et al., 1995, J. Virol. 69:1253-1255). Consistent with those observations was the finding that cats 

5 who passively received antibodies from vaccinated or infected cats were protected from homologous 
challenge (Hohdatsu et al., 1993, J. Virol. 67:2344-2348; Pu et al., 1995, AIDS 9:235-242). 

By contrast, convincing data also indicates that the levels of antibodies, or even VN antibodies, do 
not correlate with protection. It has been reported that cats were protected against homologous challenge 
in the absence of detectable VN antibodies (Verschoor et a/., 1995, Vet. Immunol. Immunopathol. 46:139- 

10 149; Matteucci et al., 1996, J. Virol. 70:617-622). In addition, other vaccinated cats failed to be protected 
in the presence of significant VN antibodies (Huisman et al., 1998, Vaccine 16:181-187; Flynn et al., 1997 
J. Virol. 71:7586-7592; Tijhaar et al., 1997, Vaccine 15:587-596; Osterhaus et al., 1996, AIDS Res. Hum. 
Retrovir. 12:437-441; Verschoor et al., 1996, Vaccine 14:285-289; Rigby et al., 1996, Vaccine 14:1095- 
1102; Lutz et al., 1995, Vet. Immunol. Immunopathol. 46:103-113; Flynn et al., 1995, Immunol. 85:171- 

15 175; Gonin et al., 1995, Vet. Microbiol. 45:393-401). This discrepancy appears to result, at least partially, 
from the different cell systems and virus isolates used in the VN assays. It has recently become evident 
that fresh isolates of FIV obtained from naturally infected cats are much less sensitive to VN antibodies 
than laboratory viruses adapted to growth in tissue culture (Baldinotti et al., 1994, J. Virol. 68: 4572-4579). 
It has also been found that the same antibodies which neutralized FIV infection in Crandell Feline Kidney 

20 (CRFK) cells failed to neutralize FIV infection in primary feline thymocytes (Huisman et al., 1998, above). 
These data indicate that the VN antibodies detected in vitro may not play any role in protective immunity in 
vivo. 

In a few limited reports, cell-mediated immunity was investigated following vaccination. In one 
report, it was found that cellular immunity, especially ENV-specific CTL responses, played a major role in 

25 protecting cats vaccinated with whole inactivated virus (Flynn et al., 1996, J. Immunol. 157:3658-3665; 
Flynn et al., 1995, AIDS Res. Hum. Retrovir. 11:1107-1113). It was also reported that long-term 
protection was more closely correlated with the induction of ENV-specific cytotoxic T-cell activity (Hosie 
and Flynn, 1996, J. Virol. 70:7561-7568). 

It appears that both humoral and cellular immunity are involved in achieving protective immunity in 

30 the acute phase after challenge, but for long-term protection, cell-mediated immunity appears to be more 
important. However, the question still remains which viral protein(s) or subunit(s) or combinations are 
capable of inducing protective immune responses. In one report, although both cell-mediated and humoral 
immune responses were induced in cats vaccinated with a multi-epitopic peptide within the ENV protein, 
vaccination did not confer protection against homologous challenge (Flynn etal., 1997, above). 

35 As in HIV-1, an observation that complicates the development of an effective FIV vaccine is the 

enhancement of infection that has been observed in cats immunized with certain vaccines. Such 
enhancement of infection has been observed in a number of FIV vaccine trials in which either recombinant 



r i 

PC10172C 



subunit vaccines, synthetic vaccines, whole inactivated virus vaccines or fixed, infected cell vaccines were 
used to vaccinate cats (Osterhaus et al., 1996, above; Siebelink et a/., 1995, J. Virol. 69:3704-3711; 
Lombardi et a/., 1994, J. Virol. 68:8374-8379; Hosie et a/., 1992, Vet. Immunol. Immunopathol. 35:191- 
197; Huisman et a/., 1998, above). For example, in an ENV subunit vaccine trial, enhancement of 

5 infection occurred despite anti-ENV and VN antibody production, and this enhancement could be 
transferred to naive cats via plasma pools from the vaccinated animals, indicating that the enhancement 
was probably mediated by specific antibodies (Siebelink et al., 1995, above). 

It appears that antibodies against ENV tend to enhance infection more readily than antibodies 
against GAG protein. However, the mechanism by which antibodies enhance FIV infection remains poorly 

10 understood. In HIV-1, antibody-dependent enhancement requires that the target cells express either the 
immunoglobulin Fc receptor (FcR), or complement receptors (CRs). The enhancement is a biphasic 
response based on serum dilution; that is, at higher antibody concentrations, viral neutralization is 
observed, whereas enhancement is seen at lower antibody concentrations (Mascola et al., 1993, AIDS 
Res. Hum. Retrovir. 9:1175-1184). The enhanced infectivity may interfere with the induction of protective 

15 immunity in FIV , which may partially explain the reason why a large number of FIV vaccination 
experiments in which ENV protein or its subunits were used as vaccines were unsuccessful. Therefore, 
the rational development of vaccines against lentiviruses, including FIV and HIV-1 , requires the careful 
assessment and selection of vaccine immunogens. 

Since the discovery of FIV, many attempts have been made to develop a safe and effective FIV 

20 vaccine. Three different groups have attempted to vaccinate cats with fixed virus-infected cells; however, 
conflicting results were obtained from these vaccination trials. The first group found that all the cats 
vaccinated with fixed FIV-infected cells were protected from challenge with plasma obtained from cats 
infected with the homologous virus, despite the fact that no VN antibodies were detected after vaccination 
(Matteucci et al., 1996, above). The protection conferred by this vaccine, however, was relatively short- 

25 lived and difficult to boost (Matteucci et a/., 1997, J. Virol. 71 :8368-8376). Similar results were reported by 
the second group describing protection against homologous, but not heterologous, FIV challenge up to 12 
weeks post-challenge (Bishop et al., 1996, Vaccine 14:1243-1250). However, when cats were monitored 
up to week 50 post-challenge, a loss of protection against the homologous virus was observed. Also, 
protection could not be correlated with the levels of antibody to p24 capsid protein or VN titers. In 

30 contrast to these findings, the third group reported no protection when ten cats were vaccinated with a 
fixed FIV-infected cell vaccine. Eight of the cats became viraemic 5 weeks post-challenge, although 
significant VN antibodies were detected at the time of challenge (Verschoor et al., 1995, above). 

Another type of conventional FIV vaccine that has been tested is whole, inactivated virus. The 
first successful whole-inactivated FIV vaccine was reported by Yamamoto's group, which observed 

35 greater than 90% protection against homologous challenge (Yamamoto et al., 1991, AIDS Res. Hum. 
Retrovir. 7:911-922), and slight protection against heterologous challenge (Yamamoto et al., 1993, J. 
Virol. 67:601-605). Both humoral and cellular immunity against FIV were induced and high levels of anti- 
ENV, anti-core, and VN antibodies were observed in the vaccinated cats. Recent studies have indicated 
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that both virus-specific humoral immunity, especially VN antibodies, and cellular immunity, especially the 
ENV-specific CTL responses, play a role in the protection induced in cats vaccinated with whole, 
inactivated virus (Hosie and Flynn, 1996, above; Flynn et a/., 1996, above; Hosie et a/., 1995, above; Elyar 
et al., 1997, Vaccine 15:1437-1444). However, in contrast to the studies described above, vaccination of 

5 cats with whole, inactivated FIV incorporated into immune stimulating complexes (ISCOMs) failed to 
protect against homologous challenge (Hosie et a/., 1992, above). 

Another approach for FIV vaccine development that has been extensively investigated recently is 
recombinant vaccines. A number of FIV subunit vaccines have been tested, including those containing 
recombinant core protein, synthetic V3, or multi-epitopic peptides, glycosylated or unglycosylated 

10 recombinant ENV protein, and various vector-based systems (Elyar et a/., 1997, above). Unfortunately, 
although significant levels of antibodies were generally induced by such vaccinations, all attempts failed to 
protect vaccinated cats against homologous challenge (Huisman et a/., 1998, above; Flynn et a/., 1997, 
above; Tijhaar et al., 1997, above; Osterhaus et a/., 1996, above; Verschoor et a/., 1996, above; Rigby et 
a/., 1996, above; Lutz et al., 1995, above; Flynn et al., 1995, Immunol. 85:171-175; Gonin et a/., 1995, 

15 above). 

Recently, a DNA vaccine was tested for FIV. Cats vaccinated with plasmid DNA carrying FIV 
structural genes, including ENV and p10 gene (i.e., the NC protein of FIV), exhibited strong humoral 
immune responses. However, none of the vaccinated cats were protected from homologous challenge 
(Cuisinier et al., 1997, Vaccine 15: 1085-1094). 

20 In addition, WO 98/03660 describes various formulae for feline polynucleotide vaccines including 

against FIV, but only mentions the use of ENV polyprotein and GAG/PRO polyprotein genes, and does not 
describe the use of other FIV genes, or substituent genes from the particular polyprotein genes, nor does 
it provide any data showing efficacy of any particular FIV vaccine. 

3. SUMMARY OF THE INVENTION 

25 The present invention provides a vaccine composition against feline immunodeficiency virus 

(FIV), comprising an immunologically effective amount of a polynucleotide molecule comprising a 
nucleotide sequence selected from a portion of the genome of an FIV strain, or a nucleotide sequence 
which is a degenerate variant thereof; and a veterinarily acceptable carrier. The FIV strain can be any 
strain of FIV, but is preferably strain FIV-141 having a genomic RNA sequence corresponding to the DNA 

30 sequence shown in SEQ ID NO:1 from nt 1 to nt 9464. 

In a preferred embodiment, the polynucleotide molecule of the vaccine composition comprises a 
nucleotide sequence encoding one or more of a structural or non-structural protein from an FIV strain, or a 
combination thereof. The structural protein is selected from the group consisting of a GAG protein and an 
ENV protein. The non-structural protein is selected from the group consisting of a POL protein and a 

35 regulatory protein. The GAG protein is selected from the group consisting of the GAG polyprotein and its 
substituent proteins, i.e., MA, CA and NC. The ENV protein is selected from the group consisting of the 
ENV polyprotein and its substituent proteins, i.e., SU and TM. The POL protein is selected from the group 
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consisting of the POL polyprotein and its substituent proteins, i.e., PR, RT, DU and IN. The regulatory 

protein is selected from the group consisting of Rev, Vif and ORF2. 

The polynucleotide molecule of the vaccine composition may alternatively or additionally comprise 

a nucleotide sequence consisting of a substantial portion of any of the aforementioned nucleotide 
5 sequences. In a preferred embodiment, the substantial portion of the nucleotide sequence encodes an 

epitope of an FIV protein. 

In a preferred embodiment, the vaccine composition of the present invention comprises a 

polynucleotide molecule comprising a nucleotide sequence encoding an FIV protein selected from the 

group consisting of GAG, MA, CA, NC, ENV, SU, TM, DU and PR. 
10 In a more preferred embodiment, the vaccine composition of the present invention is a 

combination vaccine, which comprises one or more polynucleotide molecules having nucleotide 

sequences encoding a combination of FIV proteins. In a preferred embodiment, the one or mor 

polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding at least 

two different FIV proteins selected from FIV structural and FIV non-structural proteins, provided that when 
15 the one or more polynucleotide molecules encode the ENV and NC proteins from FIV, they also encode at 

least one, preferably at least two, and most preferably at least three other FIV structural or non-structural 

proteins. 

In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine 
composition comprise nucleotide sequences encoding at least two different GAG proteins from FIV. 

20 In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine 

composition comprise nucleotide sequences encoding at least one FIV structural protein and at least one 
FIV non-structural protein. 

In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine 
composition comprise nucleotide sequences encoding at least three different FIV proteins selected from 

25 among the FIV structural and FIV non-structural proteins, /.a, the proteins can be either all structural 
proteins or all non-structural proteins, or a combination of structural and non-structural proteins. In a 
further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least four different FIV proteins selected from among the FIV 
structural and FIV non-structural proteins. In a further preferred embodiment, the one or more 

30 polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding at least 
five different FIV proteins selected from among the FIV structural and FIV non-structural proteins. In a 
further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least six different FIV proteins selected from among the FIV 
structural and FIV non-structural proteins. In a further preferred embodiment, the one or more 

35 polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding at least 
seven different FIV proteins selected from among the FIV structural and FIV non-structural proteins. 

In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine 
composition comprise a nucleotide sequence encoding at least one FIV structural protein and a nucleotide 
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sequence encoding at least one FIV regulatory protein. In a further preferred embodiment, the one or 
more polynucleotide molecules of the vaccine composition comprise a nucleotide sequence encoding at 
least one FIV POL protein and a nucleotide sequence encoding at least one FIV regulatory gene. In a 
further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise a nucleotide sequence encoding at least one FIV structural protein, a nucleotide sequence 
encoding at least one FIV POL protein, and a nucleotide sequence encoding at least one FIV regulatory 
protein. 

In a further preferred embodiment, when the one or more polynucleotide molecules of the vaccine 
composition comprise nucleotide sequences encoding a GAG protein, PR protein or ENV protein from 
FIV, or a combination thereof, one or more nucleotide sequences encoding at least one, more preferably 
at least two, and most preferably at least three other FIV proteins are present. 

In a particularly preferred embodiment, the vaccine composition of the present invention 
comprises one or more polynucleotide molecules comprising nucleotide sequences encoding a 
combination of FIV proteins, which combination is selected from the group consisting of GAG/MA/CA/NC; 
GAG/ENV; GAG/MA/CA/NC/ENV/SU/TM; MA/CA/NC; GAG/MA/NC/DU/PR; and MA/CA/NC/SU/TM. 
When the vaccine composition of the present invention is a combination vaccine, the nucleotide 
sequences encoding the various FIV proteins or polypeptides can be on the same polynucleotide 
molecule, on different polynucleotide molecules, or a combination thereof. 

The polynucleotide molecule of the vaccine composition can either be a DNA or RNA molecule, 
although DNA is preferred. The polynucleotide molecule of the vaccine composition is preferably 
administered as part of an expression vector construct, such as a plasmid or a viral vector. 

The present invention further provides a method of preparing a vaccine composition against FIV, 
comprising combining an immunologically effective amount of any one or more of the aforementioned 
polynucleotide molecules, or any one or more expression vectors comprising such polynucleotide 
molecules, with a veterinarily acceptable carrier in a form suitable for administration to cats. In a non- 
limiting embodiment, a veterinarily acceptable carrier is selected from standard aqueous or partially 
aqueous solutions, such as sterile saline or PBS, or cationic lipid preparations, or gold microparticles onto 
which the one or more polynucleotide molecules or expression vectors of the vaccine composition can be 
coated and administered to an animal for vaccine delivery. The vaccine composition can further comprise 
a supplemental component such as, e.g., an immunomodulatory agent, which can be an adjuvant, or a 
cytokine, or a polynucleotide molecule having a nucleotide sequence encoding a cytokine; or an agent 
which facilitates cellular uptake by the vaccinated animal of the polynucleotide molecule or expression 
vector; or a combination thereof. 

The present invention further provides a method of vaccinating a cat against FIV, comprising 
administering to the cat a vaccine composition of the present invention. In a preferred though non-limiting 
embodiment, the vaccine composition of the present invention is administered to a cat either by 
intramuscular or intradermal injection, or orally, intranasally, or by use of a gene gun. 
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The present invention further provides a kit for vaccinating a cat against FIV, comprising a first 
container comprising an immunologically effective amount of any one or more of the aforementioned 
polynucleotide molecules or expression vectors of the present invention. In a non-limiting embodiment, 
the one or more polynucleotide molecule or expression vectors are stored in the first container in 
5 lyophilized form. The kit may optionally further comprise a second container comprising a sterile diluent 
useful to dilute or rehydrate the polynucleotide molecules or expression vectors in the first container for 
administration to a cat. 

The present invention further provides an isolated antibody that binds specifically to an FIV 
protein, which antibody is produced in a mammal in response to administration of a polynucleotide 
10 molecule having a nucleotide sequence encoding the FIV protein or an epitope thereof, such as, e.g., a 
polynucleotide molecule or expression vector as present in the vaccine composition of the present 
invention. 

The present invention further provides a vaccine composition against FIV, comprising an 
immunologically effective amount of a GAG protein, POL protein, ENV protein, regulatory protein, or a 

15 combination thereof, from an FIV strain. The FIV strain can be any strain of FIV, but is preferably strain 
FIV-141 . The GAG protein is preferably selected from the group consisting of the GAG polyprotein and its 
substituent proteins, i.e., MA, CA and NC. The POL protein is preferably selected from the group 
consisting of the POL polyprotein and its substituent proteins, i.e., PR, RT, DU and IN. The ENV protein is 
preferably selected from the group consisting of the ENV polyprotein and its substituent proteins, i.e., SU 

20 and TM. The regulatory protein is selected from the group consisting of Rev, Vif and ORF2. 

In a more preferred embodiment, the vaccine composition of the present invention comprises a 
combination of FIV proteins. In a preferred embodiment, the proteins of the vaccine composition 
comprise at least two different FIV proteins selected from among the FIV structural and FIV non-structural 
proteins. In a further preferred embodiment, the proteins of the vaccine composition comprise at least two 

25 different GAG proteins from FIV. In a further preferred embodiment, the proteins of the vaccine 
composition comprise at least one FIV structural protein and at least one FIV non-structural protein. In a 
further preferred embodiment, the proteins of the vaccine composition comprise at least three different 
FIV proteins selected from among the FIV structural and FIV non-structural proteins. In a further preferred 
embodiment, the proteins of the vaccine composition comprise at least four different FIV proteins selected 

30 from among the FIV structural and FIV non-structural proteins. In a further preferred embodiment, the 
proteins of the vaccine composition comprise at least five different FIV proteins selected from among the 
FIV structural and FIV non-structural proteins. In a further preferred embodiment, the proteins of the 
vaccine composition comprise at least six different FIV proteins selected from among the FIV structural 
and FIV non-structural proteins. In a further preferred embodiment, the proteins of the vaccine 

35 composition comprise at least seven different FIV proteins selected from among the FIV structural and 
FIV non-structural proteins. 
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ln a particularly preferred embodiment, the combination of FIV proteins is selected from the group 
consisting of GAG/MA/CA/NC; GAG/ENV; GAG/MA/CA/NC/ENV/SU/TM; MA/CA/NC; 
GAG/MA/NC/DU/PR; and MA/CA/NC/SU/TM. 

Alternatively or additionally, the vaccine composition may comprise one or more polypeptides, one 
or more of which is a substantial portion of an FIV protein. In a preferred embodiment, the substantial 
portion of the FIV protein comprises an epitope of an FIV protein. 

The vaccine composition of the present invention may alternatively comprise an immunologically 
effective amount of any one or more of the aforementioned polynucleotide molecules or expression 
vectors in combination with any one or more of the aforementioned proteins or polypeptides. 

The present invention further provides a method of preparing a vaccine composition against FIV, 
comprising combining an immunologically effective amount of any one or more of the aforementioned 
proteins or polypeptides with a veterinarily acceptable carrier in a form suitable for administration to cats. 
The vaccine composition can further comprise a supplemental component such as, e.g., an 
immunomodulatory agent, which can be an adjuvant, or a cytokine, or a polynucleotide molecule having a 
nucleotide sequence encoding a cytokine, or a combination thereof. 

The present invention further provides a method of vaccinating a cat against FIV, comprising 
administering to the cat a vaccine composition comprising an immunologically effective amount of any one 
or more of the aforementioned proteins or polypeptides. 

The present invention further comprises oligonucleotide molecules that can be used as primers to 
specifically amplify particular FIV genes or other FIV-related polynucleotide molecules, and as diagnostic 
probes to detect the present of an FIV-related polynucleotide molecule in a fluid or tissue sample collected 
from an animal infected with FIV. In a preferred embodiment, such oligonucleotide molecules comprise 
nucleotide sequences selected from the group consisting of SEQ ID NOS: 2 to 47, or the complements of 
said sequences. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 . Genomic organization of the feline immunodeficiency virus. 
FIGURE 2. Expression vector pCMV-MCS. 
FIGURE 3. Expression vector pCMV-HA. 

FIGURE 4. Plasma viral load detected by virus isolation in the various vaccine treatment groups. 

FIGURE 5. Plasma viral load detected by QcRT-PCR in the various vaccine treatment groups. 

FIGURE 6. Number of time points at which virus titer was above 10 TCID 100 in the various vaccine 
treatment groups, as detected by virus isolation. 

FIGURE 7. Number of time points at which virus titer was above 10 TCID 100 in the various vaccine 
treatment groups, as detected by QcRT-PCR. 
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5. DETAILED DESCRIPTION OF THE INVENTION 
5.1. DNA Vaccin 
5.1.1. Polynucleotide M I cul s 

As used herein, the terms "DNA", "RNA", "gene," "polynucleotide molecule," "nucleotide 
sequence," "coding sequence," and "coding region" are intended to include both DNA and RNA 
polynucleotide molecules, and to refer to both single-stranded and double-stranded polynucleotide 
molecules. Thus, the term "DNA vaccine", as used herein, encompasses vaccines comprising either DNA 
or RNA, or both. Also, as used herein, the terms "gene," "coding sequence," and "coding region" are 
intended to refer to polynucleotide molecules that can be transcribed and translated (DNA), or translated 
(RNA), into an FIV structural or non-structural protein in a cat or in an appropriate in vitro host cell 
expression system when placed in operative association with appropriate regulatory elements. 
Polynucleotide molecules of the vaccine composition can include, but are not limited to, one or more 
prokaryotic sequences, eukaryotic sequences, cDNA sequences, genomic DNA sequences (exons and/or 
introns), and chemically synthesized DNA and RNA sequences, or any combination thereof. 

The genome of FIV consists of RNA that is reverse transcribed into DNA and integrated into the 
genome of an infected feline host. Unless otherwise indicated, all references made herein to specific FIV 
genes and nucleotide sequences and, more generally, to polynucleotide molecules and nucleotide 
sequences, are intended to encompass both RNA sequences and DNA sequences that correspond 
thereto according to the complementary relationship between RNA and DNA sequences, as well as the 
complements of all such sequences. 

Design, production and manipulation of the polynucleotide molecules, oligonucleotide molecules 
and expression vectors disclosed herein are within the skill in the art and can be carried out according to 
known genetic techniques which are described, among other places, in Maniatis et ai t 1989, Molecular 
Cloning. A Laboratory Manual , Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.; Ausubel et 
a/., 1989, above; Sambrook et a/., 1989, Molecular Cloning: A Laboratory Manual 2d ed., Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y.; Innis et aL (eds), 1995, PCR Strategies. Academic 
Press, Inc., San Diego; and Erlich (ed), 1992, PCR Technology . Oxford University Press, New York, which 
are incorporated herein by reference. 

The present invention provides a vaccine composition against feline immunodeficiency virus 
(FIV), comprising an immunologically effective amount of a polynucleotide molecule comprising a 
nucleotide sequence selected from a portion of the genome of an FIV strain, or a nucleotide sequence 
which is a degenerate variant thereof; and a veterinarily acceptable carrier. The FIV strain can be any 
strain of FIV currently known, or any strain to be isolated and identified in the future, and is preferably a 
pathogenic strain, In a preferred embodiment, the FIV strain is FIV-141, which has a genomic RNA 
sequence corresponding to the DNA sequence shown in SEQ ID NO:1 (from nt 1 to nt 9464). An 
infectious FIV-141 molecular plasmid clone and the FIV-141 virus were deposited on July 1, 1998 with the 
American Type Culture Collection, and were assigned ATCC Accession Nos. 203001 and VR-2619, 
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respectively. Alternatively, strains of FIV can be isolated from organs, tissues or body fluids of infected cats 
and propagated in tissue culture using standard isolation and tissue culture techniques such as those 
described in the publications reviewed above, and any such strains can be used to isolate polynucleotide 
molecules necessary to practice the present invention. 

Reference is made to FIGURE 1, which presents the overall genomic organization of FIV, and to 
the genomic sequence of FIV-141 presented in SEQ ID NO:1 . In SEQ ID NO:1 , the 5' LTR is from nt 1 to 
nt 354; the GAG polyprotein gene is from nt 627 to nt 1976; the POL polyprotein gene is from nt 1880 to nt 
5239; Vif is from nt 5232 to nt 5987; ORF2 is from nt 5988 to nt 6224; the ENV gene is from nt 6262 to nt 
8826; Rev is from nt 6262 to nt 6505, and from nt 8947 to nt 9161 ; and the 3' LTR is from nt 91 1 1 to nt 
9464. Within the GAG polyprotein gene, MA is encoded from nt 627 to nt 1031; CA is encoded from nt 
1032 to nt 1724; and NC is encoded from nt 1725 to nt 1976. Within the POL polyprotein gene, PR is 
encoded from nt 1979 to nt 2326; RT is encoded from nt 2327 to nt 3994; DU is encoded from nt 3995 to 
nt 4393; and IN is encoded from nt 4394 to nt 5239. Within the ENV polyprotein gene, SU is encoded 
from nt 6262 to nt 8088; and TM is encoded from nt 8089 to nt 8826. The nucleotide boundaries 
presented herein also serve as a guide for selecting corresponding genes and coding regions of other FIV 
strains. 

For polynucleotide molecules encoding structural or non-structural FIV proteins, including, e.g., a 
GAG protein, POL protein, ENV protein, ORF2, Vif, or Rev, or substantial portions thereof, a nucleotide 
sequence useful in practicing the present invention can be any sequence which encodes the particular 
protein or polypeptide, i.e., either the native nucleotide sequence found in the particular FIV genome or, 
alternatively, a degenerate variant, i.e., a nucleotide sequence that encodes the same protein or 
polypeptide, but which differs from the native sequence as based on the degeneracy of the genetic code. 
The present invention encompasses vaccine compositions and methods of using polynucleotide 
molecules having any of these nucleotide sequences. 

In a preferred embodiment, the polynucleotide molecule of the vaccine composition comprises a 
nucleotide sequence encoding one or more of a structural or non-structural protein from an FIV strain, or a 
combination thereof. The structural protein is selected from the group consisting of a GAG protein and an 
ENV protein. The non-structural protein is selected from the group consisting of a POL protein and a 
regulatory protein. The GAG protein is selected from the group consisting of the GAG polyprotein and its 
substituent proteins, i.e., MA, CA and NC. The ENV protein is selected from the group consisting of the 
ENV polyprotein and its substituent proteins, i.e., SU and TM. The POL protein is selected from the group 
consisting of the POL polyprotein and its substituent proteins, i.e., PR, RT, DU and IN. The regulatory 
protein is selected from the group consisting of Rev, Vif, ORF2 and LTR. 

In a preferred embodiment, the vaccine composition of the present invention comprises a 
polynucleotide molecule comprising a nucleotide sequence encoding an FIV protein selected from the 
group consisting of GAG, MA, CA, NC, ENV, SU, TM, DU and PR. 

In a more preferred embodiment, the vaccine composition of the present invention is a 
combination vaccine, which comprises one or more polynucleotide molecules having nucleotide 
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sequences encoding a combination of FIV proteins. In a preferred embodiment, the one or more 
polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding at least 
two different FIV proteins selected from FIV structural and FIV non-structural proteins, provided that when 
the one or more polynucleotide molecules encode the ENV and NC proteins from FIV, they also encode at 
least one, more preferably at least two, and most preferably at least three other FIV structural or non- 
structural proteins. 

In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine 
composition comprise nucleotide sequences encoding at least two different GAG proteins from FIV. 

In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine 
composition comprise nucleotide sequences encoding at least one FIV structural protein and at least one 
FIV non-structural protein. 

In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine 
composition comprise nucleotide sequences encoding at least three different FIV proteins selected from 
among the FIV structural and FIV non-structural proteins, i.e., the proteins can be either all structural 
proteins or all non-structural proteins, or a combination of structural and non-structural proteins. In a 
further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least four different FIV proteins selected from among the FIV 
structural and FIV non-structural proteins. In a further preferred embodiment, the one or more 
polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding at least 
five different FIV proteins selected from among the FIV structural and FIV non-structural proteins. In a 
further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least six different FIV proteins selected from among the FIV 
structural and FIV non-structural proteins. In a further preferred embodiment, the one or more 
polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding at least 
seven different FIV proteins selected from among the FIV structural and FIV non-structural proteins. 

In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine 
composition comprise a nucleotide sequence encoding at least one FIV structural protein and a nucleotide 
sequence encoding at least one FIV regulatory protein. In a further preferred embodiment, the one or 
more polynucleotide molecules of the vaccine composition comprise a nucleotide sequence encoding at 
least one FIV POL protein and a nucleotide sequence encoding at least one FIV regulatory gene. In a 
further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise a nucleotide sequence encoding at least one FIV structural protein, a nucleotide sequence 
encoding at least one FIV POL protein, and a nucleotide sequence encoding at least one FIV regulatory 
protein. 

In a further preferred embodiment, when the one or more polynucleotide molecules of the vaccine 
composition comprise nucleotide sequences encoding a GAG protein, PR protein or ENV protein from 
FIV. or a combination thereof, nucleotide sequences encoding at least one, preferably at least two, and 
most preferably at least three, other FIV proteins are present. 
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In a particularly preferred embodiment, the vaccine composition of the present invention 
comprises one or more polynucleotide molecules comprising nucleotide sequences encoding a 
combination of FIV proteins, which combination is selected from the group consisting of GAG/MA/CA/NC; 
GAG/ENV; GAG/MA/CA/NC/ENV/SU/TM; MA/CA/NC; GAG/MA/NC/DU/PR; and MA/CA/NC/SU/TM. 
5 When the vaccine composition of the present invention is a combination vaccine, the nucleotide 
sequences encoding the various FIV proteins or polypeptides can be on the same polynucleotide 
molecule, on different polynucleotide molecules, or a combination thereof. 

The vaccine composition may alternatively or additionally comprise one or more polynucleotide 
molecules comprising a nucleotide sequence which is a substantial portion of any of the aforementioned 

10 nucleotide sequences. As used herein, a nucleotide sequence is a "substantial portion" of a nucleotide 
sequence encoding a GAG protein, POL protein , ENV protein or regulatory protein from an FIV strain, 
where the nucleotide sequence consists of less than the complete nucleotide sequence encoding the 
particular full length FIV protein, but is at least about 30%, more preferably at least about 50%, and most 
preferably at least about 70% of the complete nucleotide sequence encoding the particular full length FIV 

15 protein, or a degenerate variant thereof, and is useful in practicing the present invention. In a preferred 
embodiment, the "substantial portion" of the nucleotide sequence encodes at least one epitope of an FIV 
antigen. 

As used herein, a polynucleotide molecule is "useful in practicing the present invention" where: 
(1) the polynucleotide molecule, upon administration to a cat, can detectably induce a protective immune 

20 response against FIV, or can detectably enhance the induction of a protective immune response against 
FIV when co-administered to a cat with one or more other FIV antigen-encoding polynucleotide molecules 
or FIV proteins or polypeptides; (2) the polynucleotide molecule can be utilized in a recombinant in vitro 
expression system to prepare a protein or polypeptide which, upon administration to a cat can detectably 
induce a protective immune response against FIV, or can detectably enhance the induction of a protective 

25 immune response against FIV when co-administered to a cat with one or more FIV antigen-encoding 
polynucleotide molecules or one or more other FIV proteins or polypeptides; (3) the polynucleotide 
molecule, or the protein or polypeptide which is encoded thereby, can be used to induce the production of 
anti-FIV antibodies in a mammal; or (4) the polynucleotide molecule or its complement can be used as a 
diagnostic reagent to detect the presence of an FIV-specific polynucleotide molecule in a fluid or tissue 

30 sample from an FIV-infected cat. Such polynucleotide molecules can be prepared and identified using 
standard techniques known in the art. 

As used herein, a protein or polypeptide is "useful in practicing the present invention" where: (1) 
the protein or polypeptide, upon administration to a cat, can detectably induce a protective immune 
response against FIV, or can detectably enhance the induction of a protective immune response against 

35 FIV when co-administered to a cat with one or more FIV antigen-encoding polynucleotide molecules or 
one or more other FIV proteins or polypeptides; (2) the polypeptide can be used to induce the production 
of anti-FIV antibodies in a mammal; or (3) the polypeptide can be used as a diagnostic reagent to detect 
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the presence of FIV-specific antibodies in a fluid or tissue sample from an FIV-infected cat. Such 
polypeptides can be prepared and identified using standard techniques known in the art. 

The polynucleotide molecule of the vaccine composition may alternatively or additionally comprise 
a nucleotide sequence encoding a polypeptide otherwise having the amino acid sequence of one or more 
5 of a GAG protein, POL protein, ENV protein or regulatory protein from an FIV strain, but in which one or 
more amino acid residues present in the native FIV protein has been conservatively substituted with a 
different amino acid residue, where the polynucleotide molecule is useful in practicing the present 
invention, as usefulness is defined above. Conservative amino acid substitutions, the nucleotide 
sequences that encode them, and the methods to prepare them are well known in the art. For example, a 
10 polynucleotide molecule can be prepared which encodes the conservative substitution of one or more 
amino acid residues of an FIV-141 protein, where the resulting polynucleotide molecule or encoded 
polypeptide is useful in practicing the present invention. Rules for making such substitutions include those 
described by Dayhof, M.D., 1978, Nat. Biomed. Res. Found., Washington, D.C., Vol. 5, Sup. 3, among 
others. More specifically, conservative amino acid substitutions are those that generally take place within 
15 a family of amino acids that are related in their side chains. Genetically encoded amino acids are 
generally divided into four groups: (1) acidic = aspartate, glutamate; (2) basic = lysine, arginine, histidine; 
(3) non-polar = alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) 
uncharged polar = glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine. Phenylalanine, 
tryptophan and tyrosine are also jointly classified as aromatic amino acids. One or more replacements 
20 within any particular group, e.g., of a leucine by isoleucine or valine, or of an aspartate by glutamate, or of 
a threonine by serine, or of any other amino acid residue by a structurally related amino acid residue, will 
generally have an insignificant effect on the usefulness of the resulting polypeptide in practicing the 
present invention. In a preferred embodiment, such a polypeptide having one or more conservative amino 
acid substitutions, as encoded by the polynucleotide molecule of the present invention, has at least about 
25 70%, more preferably at least about 80% and most preferably at least about 90% sequence identity to the 
corresponding native FIV protein or polypeptide, and is useful in practicing the present invention. 

In an alternative embodiment, the one or more polynucleotide molecules of the vaccine 
composition comprise a combination of any of the aforementioned nucleotide sequences. 

The vaccine composition of the present invention can comprise at least two different 
30 polynucleotide molecules, wherein the first polynucleotide molecule comprises a nucleotide sequence 
encoding one or more FIV proteins or polypeptides as described above; and the second polynucleotide 
molecule comprises a nucleotide sequence encoding one or more FIV proteins or polypeptides that are 
different from those encoded by the first polynucleotide molecule, or encoding a different antigen useful in 
detectably inducing a protective response in cats either against FIV or against a different feline pathogen 
35 such as, e.g., feline leukemia virus (FeLV), feline calicivirus, or feline herpes virus, as known in the art. 

Any of the polynucleotide molecules of the present invention can further comprise a nucleotide 
sequence encoding an immunomodulatory molecule such as a cytokine or a carrier protein, or the 
nucleotide sequence encoding the immunomodulatory molecule can be present on a different 
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polynucleotide molecule which can be co-administered with a polynucleotide molecule of the present 
invention. 

The polynucleotide molecule of the vaccine composition can either be DNA or RNA, although 
DNA is preferred, and is preferably administered to a cat in an expression vector construct, such as a 

5 recombinant plasmid or viral vector, as known in the art. Examples of recombinant viral vectors include 
recombinant adenovirus vectors and recombinant retrovirus vectors. However, a preferred vaccine 
formulation comprises a non-viral DNA vector, most preferably a DNA plasmid-based vector. The 
polynucleotide molecule may be associated with lipids to form, e.g., DNA-lipid complexes, such as 
liposomes or cochleates. See, e.g., International Patent Publications WO 93/24640 and WO 98/58630, 

1 0 which are incorporated herein by reference. 

An expression vector useful as a vaccinal agent in a DNA vaccine will preferably comprise any of 
the aforementioned polynucleotide molecules of the present invention having an FIV-related nucleotide 
sequence. In a preferred embodiment, the expression vector comprises at least a nucleotide sequence 
encoding one or more antigenic FIV proteins, or a substantial portion of such a nucleotide sequence, in 

1 5 operative association with one or more transcriptional regulatory elements required for expression of the 
FIV coding sequence in a eukaryotic cell, such as, e.g., a promoter sequence, as known in the art. In a 
preferred embodiment, the regulatory element is a strong viral promoter such as, e.g., a viral promoter 
from RSV, CMV, or SV40, or the LTR promoter from a retrovirus, as known in the art. Such an 
expression vector also preferably includes a bacterial origin of replication and a prokaryotic selectable 

20 marker gene for cloning purposes, and a polyadenylation sequence to ensure appropriate termination of 
the expressed mRNA. A signal sequence may also be included to direct cellular secretion of the 
expressed protein. 

The requirements for expression vectors useful as vaccinal agents in DNA vaccines are further 

described, among other places, in U.S. Patent No. 5,703,055, U.S. Patent No. 5,580,859, U.S. Patent No. 
25 5,589,466, International Patent Publication WO 98/35562, and in various scientific publications, including 

Ramsay et al., 1997, Immunol. Cell Biol. 75:360-363; Davis, 1997, Cur. Opinion Biotech. 8:635-640; 

Manickan ef al., 1997, Critical Rev. Immunol. 17:139-154; Robinson, 1997, Vaccine 15(8):785-787; 

Robinson etal., 1996, AIDS Res. Hum. Retr. 12(5):455-457; Lai and Bennett, 1998, Critical Rev. Immunol. 

18:449-484; and Vogel and Sarver, 1995, Clin. Microbiol. Rev. 8(3):406-410, which are incorporated 
30 herein by reference. 

5.1.2. DNA Vaccine Formulation And Use 

The present invention further provides a method of preparing a vaccine composition against FIV, 
comprising combining an immunologically effective amount of any one or more of the aforementioned FIV- 
related polynucleotide molecules, or any one or more expression vectors comprising such polynucleotide 
35 molecules, with a veterinarily acceptable carrier in a form suitable for administration to a cat. 

As used herein, the term "immunologically effective amount", as it relates to an FIV-related 
polynucleotide molecule, expression vector, protein or polypeptide, refers to that amount of polynucleotide 
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molecule, expression vector, protein or polypeptide, respectively, capable of inducing, or enhancing the 
induction of, a protective response against FIV when administered to a cat. 

As used herein, the phrase "capable of inducing a protective response against FIV", and the like, 
is used broadly to include the induction of any immune-based response in the cat in response to 
5 vaccination, including either an antibody or cell-mediated immune response, or both, that serves to protect 
the vaccinated animal against FIV. 

As used herein, a polynucleotide molecule, expression vector, protein or polypeptide "can 
enhance the induction of a protective immune response against FIV when its addition to an FIV vaccine 
composition comprising one or more other FIV antigen-encoding polynucleotide molecules, proteins or 

10 polypeptides serves to detectably increase the protective response against FIV that would otherwise be 
induced by a vaccine combination without such an addition. 

The terms "protective response" and "protect" as used herein refer not only to the absolute 
prevention of any of the symptoms or conditions resulting from FIV infection in cats, but also to any 
detectable delay in the onset of any such symptoms or conditions, any detectable reduction in the degree 

15 or rate of infection by FIV, or any detectable reduction in the severity of the disease or any symptom or 
condition resulting from infection by FIV, including, e.g., any detectable reduction in viral load, CD4/CD8 T 
lymphocyte ratio, mortality, etc., as compared to an FIV-infected animal (i.e., a control). The 
immunologically effective amount of the one or more polynucleotide molecules, expression vectors, or FIV 
proteins or polypeptides, may be administered either in a single dose or in divided doses. For purposes of 

20 the present invention, a protective response is deemed to have been induced if it can be detected after 
administration of the single complete dose, or after administration to the animal of all of the divided doses. 
The present invention further encompasses the administration to a previously vaccinated cat of an 
additional "booster" dose to increase the protective response against FIV. 

In a preferred embodiment, the vaccine composition of the present invention is capable of 

25 inducing a protective response in a cat against homologous challenge, i.e., a cat vaccinated with the 
vaccine composition exhibits a protective response against a strain of the same sub-type of FIV from 
which the antigenic components of the vaccine composition were prepared or derived. 

In a more preferred embodiment, the vaccine composition of the present invention is capable of 
inducing a protective response in a cat against heterologous challenge, i.e., a cat vaccinated with the 

30 vaccine composition exhibits a protective response against a strain of a different sub-type of FIV from 
which the antigenic components of the vaccine composition were prepared or derived. 

The vaccine composition of the present invention will typically be adapted for intradermal or 
intramuscular injection, although other routes (e.g., intravenous, intraperitoneal, intranasal, oral, 
intraocular, rectal, vaginal) can also be effective. Veterinarily acceptable carriers can be any carriers 

35 known in the art that are compatible with DNA vaccines, as described in the publications cited herein. The 
vaccine composition of the present invention can be formulated following accepted convention using 
standard buffers, carriers, stabilizers, diluents, preservatives and/or solubilizers, and can also be 
formulated to facilitate sustained release. For example, the polynucleotide molecule of the vaccine 
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composition can be prepared in aqueous solution, such as in sterile saline or PBS solution, or 
incorporated into liposomes or cochleates for parenteral administration. See, e.g., International Patent 
Publication WO 93/24640 or U.S. Patent No. 5,703,055. Suitable other vaccine vehicles and additives 
that are particularly useful in DNA vaccine formulations are known or will be apparent to those of skill in 

5 the art. Alternatively, the polynucleotide molecule of the vaccine composition can be coated onto metallic 
particles, such as gold particles, for administration to a cat using a "gene gun." See, e.g., Tang et al. t 
1992, Nature 356:152-154. Thus, for purposes of this invention, metallic particles, such as gold particles, 
onto which polynucleotide molecules or expression vectors of the present invention can be coated and 
administered to cats are also considered to be a veterinarily acceptable carrier. Alternatively, the 

10 polynucleotide molecule of the vaccine composition can be prepared for oral administration and targeted 
to the Peyer's patches, such as by microencapsulation, e.g., with poly(lactide-co-glycolide) (PLG), 
preferably into microparticles of <10 urn in diameter, as known in the art. See, e.g., Jones et al., 1998, in: 
Brown and Haaheim (eds.): Modulation of the Immune Response to Vaccine Antigens , Dev Biol Stand. 
Basel, Karger, 92:149-155. 

15 The vaccine composition of the present invention can further comprise a supplemental 

component selected from the group consisting of an adjuvant, a cytokine, a polynucleotide molecule 
comprising a nucleotide sequence encoding an immunomodulatory molecule such as a cytokine or carrier 
protein which can enhance or modulate the immune response against FIV, an agent that facilitates uptake 
by feline cells of the polynucleotide molecule, such as, e.g., bupivacaine, or a combination thereof. The 

20 nucleotide sequence encoding the immunomodulatory molecule can either be situated on the same 
polynucleotide molecule or expression vector as the nucleotide sequence of the FIV antigen or on a 
separate polynucleotide molecule or expression vector which is preferably co-administered with, or 
administered at about the same time as, the polynucleotide molecule comprising the nucleotide sequence 
of the FIV antigen. The use of DNA vaccines in combination with cytokines, including, e.g., interleukins 

25 and interferons, is described in Lee et al., 1999, Vaccine 17:473-479; Okada et al., 1997, J. Immunol. 
159:3638-3647; Sin et al., 1997, Vaccine 15:1827-1833; Chow et al., 1997, J. Virol. 71:169-178; Tsuji et 
al., 1997, J. Immunol. 158:158:4008-4013; and Kim et al., 1997, J. Immunol. 158:816-826, among others, 
which are incorporated herein by reference. 

Adjuvants that can be used in the vaccine of the present invention are those which are compatible 

30 with DNA vaccines as known in the art. A non-limiting example of an adjuvant designed for DNA vaccines 
comprises a negatively charged, mineral-based particle preparation, as described in International Patent 
Publication WO 98/35562. 

The polynucleotide molecules or expression vectors of the vaccine composition can be stored 
frozen and thawed prior to administration or, more preferably, in lyophilized form and rehydrated prior to 

35 administration using a sterile diluent as known in the art. 
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Polynucleotide molecules and expression vectors of the vaccine composition of the present 
invention can be microencapsulated to improve administration and efficacy. For example, methods for 
encapsulating DNA for oral delivery are described in Jones et al., 1 998, above. 

The present invention further provides a method of vaccinating a cat against FIV, comprising 
administering to the cat a vaccine composition of the present invention. The vaccine is preferably 
administered parenterally, e.g., either by subcutaneous, intramuscular or intradermal injection. However, the 
vaccine may instead be administered by intraperitoneal or intravenous injection, or by other routes, including, 
e.g., orally, intranasally, rectally, vaginally, intra-ocularly, or by a combination of routes, and also by delayed 
release devices as known in the art. The skilled artisan will be able to formulate the vaccine composition 
according to the route chosen. 

An effective dosage of the polynucleotide molecule or expression vector of the present invention can 
be determined by conventional means, starting with a low dose of the polynucleotide molecule or expression 
vector, and then increasing the dosage while monitoring the effects. Numerous factors can be taken into 
consideration when determining an optimal dose per cat. Primary among these is the size, age and general 
condition of the cat, the presence of other drugs in the cat, the virulence of a particular strain of FIV against 
which the cat is being vaccinated, and the like. The actual dosage is preferably chosen after consideration of 
the results from other animal studies. 

Vaccine regimens can be selected based on the above-described factors. The vaccine of the 
invention can be administered at any time during the life of a particular cat depending upon several factors 
including, e.g., the timing of an outbreak of FIV among other cats. The vaccine can be administered to cats 
of weaning age or younger, or to more mature animals. Effective protection may require only a primary 
vaccination, or one or more booster vaccinations may also be needed. A dose that provides adequate 
protection can be determined empirically by challenging vaccinated and unvaccinated cats (control) with FIV 
and monitoring and comparing disease progression, including any indicator thereof as known in the art, in the 
two groups of animals. The timing of vaccination and the number of boosters, if any, will preferably be 
determined by a veterinarian based on analysis of all relevant factors, some of which are described above. 

The concentration of the polynucleotide molecule or expression vector of the present invention in 
the vaccine preferably ranges from about 0.05 ^ig/ml to about 10 mg/ml, and more preferably from about 
0.5 ^g/ml to about 5.0 mg/ml. A suitable dosage volume ranges from about 0.1 and 5 ml, which may be 
administered in a single dose, or in divided doses. 

The present invention further provides a kit for vaccinating a cat against FIV, comprising a first 
container comprising an immunologically effective amount of any one or more of the aforementioned 
polynucleotide molecules or expression vectors of the present invention. In a non-limiting embodiment, 
the polynucleotide molecule or expression vector is stored in the first container in lyophilized form. The kit 
may optionally further comprise a second container comprising a sterile diluent which can be used to 
dilute or rehydrate the polynucleotide molecule or expression vector in the first container. 
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5.2. Antibodi s 

The present invention further provides an isolated antibody that binds specifically to an FIV 
protein In a preferred embodiment, the antibody is produced in a mammal in response to adnmn.strat.on 
of a polynucleotide molecule or expression vector having a nucleotide sequence encoding the FIV protem 
or an epitope thereof, such as, e.g., a polynucleotide molecule or expression vector as present m the 
vaccine composition of the present invention. 

Antibodies can be raised in a host animal in response to administration of the vaccine composition 
of the present invention or against an expressed or purified FIV antigen, and isolated using known 
methods Various host animals, including cats, dogs, pigs, cows, horses, rabbits, goats, sheep, and mice, 
can be immunized with the vaccine composition of the present invention or with a partially or substant.ally 
purrtied FIV antigen. An adjuvant, such as those listed below in Section 5.3.4, can be selected and used 
to enhance antibody production. Polyclonal antibodies can be obtained from the serum of the .mmumzed 
animal tested for anti-FIV protein specificity, and isolated using standard techniques. Alternately, 
monoclonal antibodies against the FIV protein can be prepared and isolated using any techn.que that 
provides for the production of antibody molecules by continuous cell lines in culture. These .nclude but 
are not limited to the hybridoma technique originally described by Kohler and Milstein (Nature, 1975, 256: 
495-497)- the human B-cell hybridoma technique (Kosbor et al., 1983, Immunology Today 4:72; Cote et 
al 1983 Proc Natl Acad. Sci. USA 80: 2026-2030); and the EBV-hybridoma technique (Cole et a/., 
198 5 Monocjopaj Antibodies »nH Cancer Therapy , Alan R. Liss, Inc., pp. 77-96). Alternatively, techniques 
described for the production of single chain antibodies (see, e.g., U.S. Patent No. 4,946,778) can be 
adapted to produce FIV antigen-specific single chain antibodies. These publications are .ncorporated 
herein by reference. 

Antibody fragments that contain specific binding sites for an FIV antigen are also encompassed 
within the present invention, and can be generated and isolated by known techniques. Such fragments 
include but are not limited to F(ab') 2 fragments which can be generated by pepsin digest.on of an .ntact 
antibody molecule, and Fab fragments which can be generated by reducing the disulfide bridges of the 
F(ab') 2 fragments. Alternatively, Fab expression libraries can be constructed (Huse et al., 1989, Sc.ence 
246: 1275-1281) to allow rapid identification of Fab fragments having the desired specificity to the FIV 
antigen. 

Techniques for the production and isolation of monoclonal antibodies and antibody fragments are 
well-known in the art, and are additionally described, among other places, in Harlow and Lane, 1988, 
bodies: A . moratory Manual. Cold Spring Harbor Laboratory, and in J. W. Goding, 1986, Monoclonal 
indies: Pripcjeles »nd Practice. Academic Press, London, which are incorporated here.n by 
reference. 

5.3. FIV Protein-Based Vaccines 

The present invention further provides a vaccine composition against FIV, comprising an 
immunologically effective amount of a GAG protein, POL protein, ENV protein, regulatory protein, or a 
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combination thereof, from an FIV strain. The FIV strain can be any strain of FIV, but is preferably strain 
FIV-141. The GAG protein is selected from the group consisting of the GAG polyprotein and its 
substituent proteins, i.e., MA, CA and NC. The POL protein is selected from the group consisting of the 
POL polyprotein and its substituent proteins, i.e., PR, RT, DU and IN. The ENV protein is selected from 
5 the group consisting of the ENV polyprotein and its substituent proteins, i.e., SU and TM. The regulatory 
protein is selected from the group consisting of Rev, Vif and ORF2. 

In a more preferred embodiment, the vaccine composition of the present invention comprises a 
combination of FIV proteins. In a preferred embodiment, the proteins of the vaccine composition 
comprise at least two different FIV proteins selected from among the FIV structural and FIV non-structural 
1 0 proteins. In a further preferred embodiment, the proteins of the vaccine composition comprise at least two 
different GAG proteins from FIV. In a further preferred embodiment, the proteins of the vaccine 
composition comprise at least one FIV structural protein and at least one FIV non-structural protein. In a 
further preferred embodiment, the proteins of the vaccine composition comprise at least three different 
FIV proteins selected from among the FIV structural and FIV non-structural proteins. In a further preferred 
15 embodiment, the proteins of the vaccine composition comprise at least four different FIV proteins selected 
from among the FIV structural and FIV non-structural proteins. In a further preferred embodiment, the 
proteins of the vaccine composition comprise at least five different FIV proteins selected from among the 
FIV structural and FIV non-structural proteins. In a further preferred embodiment, the proteins of the 
vaccine composition comprise at least six different FIV proteins selected from among the FIV structural 
20 and FIV non-structural proteins. In a further preferred embodiment, the proteins of the vaccine 
composition comprise at least seven different FIV proteins selected from among the FIV structural and 
FIV non-structural proteins. 

In a particularly preferred embodiment, the combination of FIV proteins is selected from the group 
consisting of GAG/MA/CA/NC; GAG/ENV; GAG/MA/CA/NC/ENV/SU/TM; MA/CA/NC; 
25 GAG/MA/NC/DU/PR; and MA/CA/NC/SU/TM. 

The vaccine composition can alternatively comprise: (a) at least one polypeptide which is 
homologous to any of the aforementioned FIV proteins; (b) at least one peptide fragment of any of the 
aforementioned FIV proteins, or homologous polypeptides of (a); (c) at least one fusion protein comprising 
any of the aforementioned FIV proteins, homologous polypeptides of (a) or peptide fragments of (b) fused 
30 to a fusion partner; (d) at least one of an analog or derivative of any of the aforementioned FIV proteins, 
homologous polypeptides of (a), peptide fragments of (b), or fusion proteins of (c); or (e) a combination 
thereof. 

As used herein, the term "homologous" refers to a polypeptide otherwise having the amino acid 
sequence of an FIV protein or polypeptide, but in which one or more amino acid residues have been 
35 conservatively substituted with a different amino acid residue as defined above in Section 5.1.1, where the 
resulting polypeptide is useful in practicing the present invention as usefulness is defined therein. In a 
preferred embodiment, such a polypeptide has at least about 70%, more preferably at least about 80%, 
and most preferably at least about 90% sequence identity to a native FIV protein or polypeptide. 
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As used herein, a "peptide fragment" of an FIV protein refers to a polypeptide consisting of less 
than the complete amino acid sequence of the corresponding full-length FIV protein, but comprising a sub- 
sequence of at least about 10 amino acid residues, more preferably at least about 20 amino acid residues, 
and most preferably at least about 30 amino acid residues of the amino acid sequence thereof, and that is 
useful in practicing the present invention as defined above. In a preferred embodiment, a peptide 
fragment of an FIV protein comprises the amino acid sequence of an epitope of the FIV protein against 
which antibodies can be raised. 

As used herein, a "fusion protein" comprises an FIV protein, homologous polypeptide or peptide 
fragment of the present invention joined to a carrier or fusion partner, which fusion protein is useful in 
practicing the present invention, as usefulness is defined above for polypeptides. See Section 5.3.1 below 
for examples of fusion partners. Fusion proteins are useful for a variety of reasons, including to increase 
the stability of recombinantly-expressed FIV polypeptides, as distinct antigenic components in an FIV 
vaccine, to enhance the induction of antisera against the particular FIV antigen partner, to study the 
biochemical properties of the FIV antigen partner, to serve as diagnostic reagents, or to aid in the 
identification or purification of the expressed FIV antigen partner as described below. 

Fusion proteins of the present invention can be engineered using standard techniques to further 
contain specific protease cleavage sites so that the particular FIV antigen partner can be released from 
the carrier or fusion partner by treatment with a specific protease. For example, a fusion protein of the 
present invention can further comprise a thrombin or factor Xa cleavage site, among others. 

The present invention further provides analogs and derivatives of an FIV protein, homologous 
polypeptide, peptide fragment or fusion protein, where such analogs and derivatives are useful in 
practicing the present invention, as usefulness is defined above for polypeptides. Manipulations that result 
in the production of analogs can be carried out either at the gene level or at the protein level, or both, to 
improve or otherwise alter the biological or immunological characteristics of the particular polypeptide from 
which the analog is prepared. For example, at the gene level, a cloned DNA molecule encoding an FIV 
protein can be modified by one or more known strategies to encode an analog of that protein. Such 
modifications include, but are not limited to, endonuclease digestion, and mutations that create or destroy 
translation, initiation or termination sequences, or that create variations in the coding region, or a 
combination thereof. Such techniques are described, among other places, in Maniatis ef a/., 1989, above; 
Ausubel etal., 1989, above; Sambrook ef a/., 1989, above; Innis etal. (eds), 1995, above; and Erlich (ed), 
1992, above. 

Alternatively or additionally, an analog of the present invention can be prepared by modification of 
an FIV protein or other polypeptide of the present invention at the protein level. Chemical modifications of 
the protein can be carried out using known techniques, including but not limited to one or more of the 
following: substitution of one or more L-amino acids of the protein with corresponding D-amino acids, 
amino acid analogs, or amino acid mimics, so as to produce, e.g., carbazates or tertiary centers; or 
specific chemical modification, such as proteolytic cleavage with, e.g., trypsin, chymotrypsin, papain or V8 
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protease, or treatment with NaBH 4 or cyanogen bromide, or acetylation, formylation, oxidation or 
reduction, etc. 

An FIV protein or other polypeptide of the present invention can be derivatized by conjugation 
thereto of one or more chemical groups, including but not limited to acetyl groups, sulfur bridging groups, 

5 glycosyl groups, lipids, and phosphates, and/or a second FIV protein or other polypeptide of the present 
invention, or another protein, such as, e.g., serum albumin, keyhole limpet hemocyanin, or commercially 
activated BSA, or a polyamino acid (e.g., polylysine), or a polysaccharide, (e.g., sepharose, agarose, or 
modified or unmodified celluloses), among others. Such conjugation is preferably by covalent linkage at 
amino acid side chains and/or at the N-terminus or C-terminus of the FIV protein. Methods for carrying 

10 out such conjugation reactions are well known in the field of protein chemistry. 

Derivatives useful in practicing the claimed invention also include those in which a water-soluble 
polymer, such as, e.g., polyethylene glycol, is conjugated to an FIV protein or other polypeptide of the 
present invention, or to an analog thereof, thereby providing additional desirable properties while retaining, 
at least in part, or improving the immunogenicity of the FIV protein. These additional desirable properties 

15 include, e.g., increased solubility in aqueous solutions, increased stability in storage, increased resistance 
to proteolytic degradation, and increased in vivo half-life. Water-soluble polymers suitable for conjugation 
to an FIV protein or other polypeptide of the present invention include but are not limited to polyethylene 
glycol homopolymers, polypropylene glycol homopolymers, copolymers of ethylene glycol with propylene 
glycol, wherein said homopolymers and copolymers are unsubstituted or substituted at one end with an 

20 alkyl group, polyoxyethylated polyols, polyvinyl alcohol, polysaccharides, polyvinyl ethyl ethers, and a,p- 
poly[2-hydroxyethyl]-DL-aspartamide. Polyethylene glycol is particularly preferred. Methods for making 
water-soluble polymer conjugates of polypeptides are known in the art and are described in, among other 
places, U.S. Patent 3,788,948; U.S. Patent 3,960,830; U.S. Patent 4,002,531 ; U.S. Patent 4,055,635; U.S. 
Patent 4,179,337; U.S. Patent 4,261,973; U.S. Patent 4,412,989; U.S. Patent 4,414,147; U.S. Patent 

25 4,415,665; U.S. Patent 4,609,546; U.S. Patent 4,732,863; U.S. Patent 4,745,180; European Patent (EP) 
152,847; EP 98,110; and Japanese Patent (JP) 5,792,435, which patents are incorporated herein by 
reference. 

5.3.1. Recombinant Vectors 

Protein-based FIV vaccines of the present invention can be prepared by recombinant expression 
30 of a polynucleotide molecule having a nucleotide sequences encoding a particular FIV protein or 
polypeptide. To carry out such expression, the present invention provides recombinant cloning and 
expression vectors comprising the polynucleotide molecule. Expression vectors of the present invention 
are preferably constructed so that the polynucleotide molecule is in operative association with one or more 
regulatory elements necessary for transcription and translation. Such expression vectors are useful in an 
35 expression system, such as a transformed host cell, to produce a recombinantly-expressed FIV protein. 
More preferably, expression vectors of the present invention are constructed so that the polynucleotide 
molecule is in operative association with one or more regulatory elements necessary for transcription and 
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translation in a bacterial cell, or in a mammalian host cell such as a feline cell. In addition to serving as a 
reagent for the production of an FIV protein in vitro, an expression vector capable of expression in a feline 
cell is also useful as a vaccinal agent in a DNA vaccine composition for administration to cats as 
described above. 

As used herein, the term "regulatory element" includes but is not limited to nucleotide sequences 
that encode inducible and non-inducible promoters, enhancers, operators, and other elements known in 
the art that can serve to drive and/or regulate expression of the coding sequence of the polynucleotide 
molecule. As used herein, the polynucleotide molecule is in "operative association" with one or more 
regulatory elements where the regulatory elements effectively regulate and provide for the transcription of 
the coding sequence of the polynucleotide molecule, or the translation of its mRNA, or both. 

A variety of expression vectors are known in the art that can be utilized to express the coding 
sequence of a polynucleotide molecule of the present invention, including recombinant bacteriophage 
DNA, plasmid DNA and cosmid DNA expression vectors containing the polynucleotide molecule, for 
transformation of bacteria or yeast; and recombinant virus expression vectors such as, e.g., baculovirus 
containing the polynucleotide molecule for transfection of insect cells, or adenovirus or vaccinia virus 
containing the polynucleotide molecule for transfection of mammalian cells, among others. 

Typical prokaryotic expression vector plasmids that can be engineered to contain a polynucleotide 
molecule of the present invention include pUC8, pUC9, pBR322 and pBR329 (Biorad Laboratories, 
Richmond, CA), and pPL and pKK223 (Pharmacia, Piscataway, NJ), among many others. 

Typical eukaryotic expression vectors that can be engineered to contain a polynucleotide 
molecule according to the present invention include an ecdysone-inducible mammalian expression system 
(Invitrogen, Carlsbad, CA), cytomegalovirus promoter-enhancer-based systems (Promega, Madison, Wl; 
Stratagene, La Jolla, CA; Invitrogen), and baculovirus-based expression systems (Promega), among 
others. 

The regulatory elements of these and other vectors can vary in their strength and specificities. 
Depending on the host/vector system utilized, any of a number of suitable transcription and translation 
elements can be used. For instance, when cloning in mammalian cell systems, promoters isolated from 
the genome of mammalian cells, e.g., mouse metallothionein promoter, or from viruses that grow in these 
cells, e.g., vaccinia virus 7.5K promoter or Moloney murine sarcoma virus long terminal repeat, may be 
used. Promoters obtained by recombinant DNA or synthetic techniques may also be used to provide for 
transcription of the inserted sequence. In addition, expression from certain promoters can be elevated in 
the presence of particular inducers, e.g., zinc and cadmium ions for metallothionein promoters. 

Non-limiting examples of transcriptional regulatory regions or promoters include for bacteria, the 
p-gal promoter, the T7 promoter, the TAC promoter, X left and right promoters, tip and lac promoters, and 
trp-lac fusion promoters; for yeast, glycolytic enzyme promoters, such as ADH-I and -II promoters, GPK 
promoter, PGI promoter, and TRP promoter; for mammalian cells, SV40 early and late promoters, and 
adenovirus major late promoters. 
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Spectfic initiation signals are also required for sufficient translation of inserted FIV coding 
sequences. These signals typically include an ATG initiation codon and adjacent sequences. In cases 
where a polynucleotide molecule, including its own initiation codon and adjacent sequences, is inserted 
into an appropriate expression vector, no additional translation control signals may be needed. However, 
in cases where only a portion of a coding sequence is inserted, exogenous translational control signals, 
including an ATG initiation codon, and a translation stop codon such as TAA, TAG, or TGA, may be 
required. These exogenous translational control signals and initiation codons can be obtained from a 
variety of sources, both natural and synthetic. Furthermore, the initiation codon must be in phase with the 
reading frame of the coding region to ensure in-frame translation of the entire insert. 

The polynucleotide molecule of the expression vector may further comprise a nucleotide 
sequence which encodes an additional polypeptide fused to the FIV antigen. Such an additional 
polypeptide can be an immunomodulatory molecule such as a cytokine useful to enhance or otherwise 
modulate the immune response of a cat to which the expression vector or encoded fusion protein has 
been administered. The use of DNA vaccines with cytokines, including, e.g., interleukins and interferons, 
is presented in Lee et al., 1999, above; Okada et al., 1997, above; Sin et al., 1997, above; Chow etal., 
1997, above; Tsuji etal., 1997, above; and Kim et al., 1997, above, among others. 

Additional fusion protein expression vectors include vectors incorporating sequences that encode 
p-galactosidase and trpE fusions, maltose-binding protein fusions, glutathione-S-transferase fusions and 
polyhistidine fusions (carrier regions). Such fusion proteins can be useful to aid in purification of the 
expressed protein. For example, an FIV antigen-maltose-binding protein fusion can be purified using 
amylose resin; an FIV antigen-glutathione-S-transferase fusion protein can be purified using glutathione- 
agarose beads; and an FIV antigen-polyhistidine fusion can be purified using divalent nickel resin. 
Alternatively, antibodies against a carrier protein or peptide can be used for affinity chromatography 
purification of the fusion protein. For example, a nucleotide sequence coding for the target epitope of a 
monoclonal antibody can be engineered into the expression vector in operative association with the 
regulatory elements and situated so that the expressed epitope is fused to the FIV antigen. For example, 
a nucleotide sequence coding for the FLAG™ epitope tag (International Biotechnologies Inc.), which is a 
hydrophilic marker peptide, can be inserted by standard techniques into the expression vector at a point 
corresponding, e.g., to the amino or carboxyl terminus of the FIV antigen. The expressed FIV antigen- 
FLAG™ epitope fusion product can then be detected and affinity-purified using commercially available 
anti-FLAG™ antibodies. In an alternative embodiment, the FIV protein or other polypeptide is fused to an 
epitope tag from human influenza hemagglutinin, such as a nine amino acid epitope tag from human 
influenza hemagglutinin (HA) protein as described below in Section 6.4. 

The expression vector can also be engineered to contain polylinker sequences that encode 
specific protease cleavage sites so that the expressed FIV antigen can be released from the carrier region 
or fusion partner by treatment with a specific protease. For example, the fusion protein vector can include 
DNA sequences encoding thrombin or factor Xa cleavage sites, among others. 
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A signal sequence upstream from and in reading frame with the FIV antigen coding region can be 
engineered into the expression vector by known methods to direct the trafficking and secretion of the 
expressed protein. Non-limiting examples of signal sequences include those from a-factor, 
immunoglobulins, outer membrane proteins, penicillinase, and T-cell receptors, among others. 
5 To aid in the selection of host cells transformed or transfected with an expression vector of the 

present invention, the expression vector can be engineered to further comprise a coding sequence for a 
reporter gene product or other selectable marker. Such a coding sequence is preferably in operative 
association with the regulatory element coding sequences, as described above. Reporter genes that are 
useful in the invention are well known in the art and include those encoding chloramphenicol 

10 acetyltransf erase (CAT), green fluorescent protein, firefly lucif erase, and human growth hormone, among 
others. Selectable markers, and their nucleotide sequences, are well-known in the art, and include gene 
products conferring resistance to antibiotics or anti-metabolites, or that supply an auxotrophic 
requirement. Examples of such sequences include those that encode thymidine kinase activity, or 
resistance to erythromycin, ampicillin, or kanamycin, among others. 

15 Methods are well-known in the art for constructing expression vectors containing particular coding 

sequences in operative association with appropriate regulatory elements, as well as nucleotide sequences 
encoding selectable markers, signal sequences, and fusion partners, and such methods may be used to 
practice the present invention. Such methods include in vitro recombinant techniques, synthetic 
techniques, and in vivo genetic recombination, as described, among other places, in Maniatis etal., 1989, 

20 above; Ausubel et a/., 1989, above; and Sambrook et al., 1989, above. 

5.3.2. Transformation Of Host Cells 
Expression vectors comprising a polynucleotide molecule of interest can be transformed into host 
cells for propagation, or for expression of the encoded FIV antigen. Host cells useful in the practice of the 
invention can be eukaryotic or prokaryotic. Such transformed host cells include but are not limited to 

25 microorganisms, such as bacteria transformed with recombinant bacteriophage DNA, plasmid DNA or 
cosmid DNA expression vectors; or yeast transformed with a recombinant expression vector; or animal 
cells, such as insect cells infected with a recombinant virus expression vector, e.g., baculovirus, or 
mammalian cells, such as feline cells, infected with a recombinant virus expression vector, e.g., 
adenovirus or vaccinia virus, among others. 

30 Bacterial cells for use as host cells include a strain of E. coli such as, e.g., the DH5a strain, 

available from the ATCC, Rockville, MD, USA (Accession No. 31343), or from Stratagene (La Jolla, CA). 
Eukaryotic host cells include yeast cells, although mammalian cells, such as from a cat, mouse, hamster, 
cow, monkey, or human cell line, may also be used effectively. Specific examples of eukaryotic host cells 
that may be used to express the recombinant protein of the invention include Chinese hamster ovary 

35 (CHO) cells (e.g., ATCC Accession No. CCL-61), NIH Swiss mouse embryo cells NIH/3T3 {e.g., ATCC 
Accession No. CRL-1658), Madin-Darby bovine kidney (MDBK) cells (ATCC Accession No. CCL-22), and 
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thymidine kinase-deficient ceiis, e.g., L-M (IK) (ATCC Accession No. CCL-1.3) and tk-ts13 (ATCC 

Accession No. CRL-1632). 

The recombinant expression vector of the invention is preferably transformed or transfected 
one or more host cells of a substantially homogeneous culture of cel.s. The expression vector is generally 
5 introduced into host cells in.accordance with known techniques, such as, e.g., by calcium phosphate 
precipitation, calcium chloride treatment, microinjection, e.ectroporation, transfection by contact w h a 
recombined virus, liposome-mediated transfection, DEAE-dextran transfection, transduction, con.ugat.on, 
or microprojectile bombardment, among others. Selection of transformers may be conducted by 
standard procedures, such as by selecting for cells expressing a selectable marker, e.g., ant.b.ot.c 
10 resistance, associated with the recombinant expression vector. 

Once the expression vector is introduced into the host cel., the integration and maintenance of the 
polynucleotide moiecu.e of the present invention, either in the host cel. genome or episomally. can be 
confirmed by standard techniques, e.g., by Southern hybridization analysis, restriction enzyme analyse, 
PGR analysis including reverse transcriptase PGR (RT-PCR), or by immunological assay to detect the 
expected protein product. Host cells containing and/or expressing the polynucleotide molecu e of the 
present invention may be identrtied by any of at least four genera, approaches, which are we -known ,n 
the art, including: (i) DNA-DNA, DNA-RNA, or RNA-antisense RNA hybridization; (■■) detect.ng the 
presence of -marker* gene functions; (iii) assessing the level of transcription as measured by the 
expression, e.g., of an F.V-spec«ic mRNA transcript in the host cel.; or (iv) detecting the presence of 
20 mature polypeptide product, e.g., by immunoassay, as known in the art. 

533 F ission And Purification Of p mhinant Polypeptides 

Once a polynucleotide molecule of interest has been stably introduced into an appropriate host 
cel. the transformed host cel. can be clonal* propagated, and the resuming cells grown under conditions 
conducive to the maximum production of the encoded F.V antigen. Such condrtions typically .nc.ude 
growing transformed ce.ls to high density. Where the expression vector comprises an inducible promoter 
appropriate induction conditions such as, e.g., temperature shrft, exhaustion of nutrients, add-on of 
gratuftous inducers (e.g., analogs of carbohydrates, such as isopropy.-p-D-thioga.actopyranoside (IPTG)), 
accumulation of excess metabo.ic by-products, or the .ike. are emp.oyed as needed to induce express,. 
Where the expressed FIV antigen is retained inside the host ce.ls. the ce.ls are harvested and 
fysed and the product purified from the lysate under extraction condKions known in the art to m,n.m.ze 
protein degradation such as. e.g., at 4°C, or in the presence of protease inhibitors, or both. Where the 
expressed FIV antigen is secreted from the host cells, the exhausted nutrient medium may s.mply be 
collected and the protein isolated therefrom. 

The expressed FIV antigen can be purrfied from cell lysates or culture medium, as appropriate, 
using standard methods, including but not limrted to one or more of the following methods: ammon.um 
suKate precipitation, size fractionation, ion exchange chromatography. HPLC. density centrrfugafon, and 
affinity chromatography. Where the expressed FIV antigen exhibrts enzymatic activity, increasing purrty of 
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the preparation can be monitored at each step of the purification procedure by use of an appropriate 
enzyme assay, as known in the art. If the expressed protein lacks biological activity, it may be detected as 
based, e.g., on size, or reactivity with an antibody otherwise specific for the FIV antigen, or by the 
presence of a fusion tag. 

5 5.3.4. Protein Vaccine Formulation And Use 

The present invention provides a method of preparing a vaccine composition against FIV, 
comprising combining an immunologically effective amount of any of the aforementioned FIV-related 
proteins or polypeptides, or a combination thereof, with a veterinarily acceptable carrier in a form suitable 
for administration to a cat. Alternatively, any one or more of the aforementioned proteins or polypeptides 

10 can be combined with any one or more of the aforementioned polynucleotide molecules or expression 
vectors of the present invention, and a veterinarily acceptable carrier, to prepare a combined DNA/protein 
vaccine composition. 

As used herein to refer to proteins and polypeptides, the term "immunologically effective amount" 
refers to that amount of protein or polypeptide antigen capable of inducing, or enhancing the induction of, 

15 a protective response against FIV when administered to a cat after either a single administration, or after 
multiple administrations. The phrases "capable of inducing a protective response" and "can enhance the 
induction of a protective immune response against FIV 7 , as well as the terms "protective response" and 
"protect" , and the like, as used herein are as defined above in Section 5.1 .2. 

The vaccine composition of the present invention will typically be adapted for parenteral 

20 administration, e.g., by intradermal or intramuscular injection, although other routes (e.g., intravenous, 
intranasal, oral, etc.) can also be effective. Vaccine compositions of the present invention can be 
formulated following accepted convention using standard buffers, carriers, stabilizers, diluents, 
preservatives, and solubilizers, and can also be formulated to facilitate sustained release. Diluents can 
include water, saline, dextrose, ethanol, glycerol, and the like. Additives for isotonicity can include sodium 

25 chloride, dextrose, mannitol, sorbitol, and lactose, among others. Stabilizers include albumin, among 
others. 

Adjuvants can optionally be employed in the vaccine. Non-limiting examples of adjuvants include 
the RIBI adjuvant system (Ribi Inc.), alum, aluminum hydroxide gel, oil-in-water emulsions, water-in-oil 
emulsions such as, e.g., Freund's complete and incomplete adjuvants, Block co polymer (CytRx, Atlanta 

30 GA), SAF-M (Chiron, Emeryville CA), AMPHIGEN® adjuvant, saponin, Quil A, QS-21 (Cambridge Biotech 
Inc., Cambridge MA), or other saponin fractions, SEAM-1, monophosphoryl lipid A, Avridine lipid-amine 
adjuvant, heat-labile enterotoxin from E. coli (recombinant or otherwise), cholera toxin, or muramyl 
dipeptide, among many others. The vaccine can further comprise one or more other immunomodulatory 
agents such as, e.g., interleukins, interferons, or other cytokines, or a polynucleotide molecule having a 

35 nucleotide sequence encoding the same. 

Suitable veterinarily acceptable vaccine vehicles, carriers, and additives are known, or will be 
apparent to those skilled in the art; see, e.g., Remington's Pharmaceutical Science . 18th Ed., 1990, Mack 
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Publishing, which is incorporated herein by reference. The vaccine can be stored in solution, or 
alternatively in lyophilized form to be reconstituted with a sterile diluent solution prior to administration. 

The present invention further provides vaccine formulations for the sustained release of the 
antigen. Examples of such sustained release formulations include the proteins or polypeptides of the 
present invention in combination with composites of biocompatible polymers, such as, e.g., poly(lactic 
acid), poly(lactic-co-glycolic acid), methylcellulose, hyaluronic acid, collagen and the like. The structure, 
selection and use of degradable polymers in drug delivery vehicles have been reviewed in several 
publications, including A. Domb et a/., 1992, Polymers for Advanced Technologies 3: 279-292, which is 
incorporated herein by reference. Additional guidance in selecting and using polymers in pharmaceutical 
formulations can be found in the text by M. Chasin and R. Langer (eds), 1990, "Biodegradable Polymers 
as Drug Delivery Systems" in: Drugs and the Pharmaceutical Sciences , Vol. 45, M. Dekker, NY, which is 
also incorporated herein by reference. Liposomes and liposome derivatives (e.g., cochleates, vesicles) 
can also be used to provide for the sustained release of the antigen. In addition, methods for 
microencapsulating antigens are well-known in the art, and include techniques described, e.g., in U.S. 
Patent 3,137,631; U.S. Patent 3,959,457; U.S. Patent 4,205,060; U.S. Patent 4,606,940; U.S. Patent 
4,744,933; U.S. Patent 5,132,117; and International Patent Publication WO 95/28227, all of which are 
incorporated herein by reference. 

In a non-limiting embodiment, the vaccine of the present invention can be a combination vaccine 
for protecting cats against FIV and, optionally, one or more other diseases or pathological conditions that 
can afflict felines, which combination vaccine comprises a first component comprising an immunologically 
effective amount of an antigen of the present invention selected from the group consisting of an FIV- 
related polynucleotide, protein or polypeptide as described above; a second component comprising an 
immunologically effective amount of an antigen that is different from the antigen in the first component, 
and which is capable of inducing or enhancing the induction of a protective response against a disease or 
pathological condition that can afflict cats; and a veterinarily acceptable carrier. 

The second component of the combination vaccine is selected based on its ability to either induce 
or enhance the induction of a protective response against either FIV or another pathogen, disease, or 
pathological condition that afflicts cats, as known in the art, where the definition of the ability to induce or 
enhance the induction of a protective response generally follows the definitions provided above as 
directed to FIV, or as applied in parallel fashion to the other pathogen, disease or pathological condition 
being treated, as appropriate. Any immunogenic composition now known or to be determined in the future 
to be useful in a vaccine composition for cats can be used as the second component of the combination 
vaccine. Such immunogenic compositions include but are not limited to those that induce or enhance the 
induction of a protective response against feline leukemia virus, feline herpes virus, feline calicivirus, or 
feline coronavirus, among others. 

The antigen of the second component can optionally be covalently linked to the antigen of the first 
component to produce a chimeric molecule. In a non-limiting embodiment, the antigen of the second 
component comprises a hapten, the immunogenicity of which is detectably increased by conjugation to the 
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antigen of the first component. Chimeric molecules comprising covalently linked antigens of the first and 
second components of the combination vaccine can be synthesized using one or more techniques known 
in the art. For example, a chimeric molecule can be produced synthetically using a commercially available 
peptide synthesizer utilizing standard chemical synthetic processes (see, e.g., Merrifield, 1985, Science 

5 232:341-347). Alternatively, the separate antigens can be separately synthesized and then linked together 
by the use of chemical linking groups, as known in the art. Alternatively, a chimeric molecule can be 
produced using recombinant DNA technology whereby, e.g., separate polynucleotide molecules having 
sequences encoding the different antigens of the chimeric molecule are spliced together in-frame and 
expressed in a suitable transformed host cell for subsequent isolation of the chimeric fusion polypeptide. 

10 Where the vaccine of the invention is a DNA vaccine, the spliced polynucleotide molecule can itself be 
used in the vaccine composition, preferably in the form of an expression vector. Ample guidance for 
carrying out such recombinant techniques is provided, among other places, in Maniatis et al., 1989, 
above; Ausubel et a/., 1989, above; Sambrook et al., 1989, above; Innis et al., 1995, above; and Erlich, 
1992, above. 

15 The present invention further provides a method of preparing a vaccine for protecting cats against 

FIV, comprising combining an immunologically effective amount of one or more antigens of the present 
invention selected from the group consisting of an FIV protein, homologous polypeptide, peptide fragment, 
fusion protein, analog and derivative, with a veterinarily acceptable carrier or diluent, in a form suitable for 
administration to cats. 

20 The present invention further provides a method of vaccinating cats against FIV, comprising 

administering a vaccine composition comprising an immunologically effective amount of one or more 
antigens of the present invention selected from the group consisting of an FIV protein, homologous 
polypeptide, peptide fragment, fusion protein, analog and derivative of the present invention to a cat. The 
amount of FIV-related antigen administered will preferably range from about 0.1 jxg to about 10 mg of 

25 polypeptide, more preferably from about 10 ^g to about 1 mg, and most preferably from about 25 ^g to 
about 0.1 mg. In addition, the typical dose volume of the vaccine will range from about 0.5 ml to about 5 
ml per dose per animal. 

Vaccine regimens can be determined as described above. The vaccine can be administered in a 
single dose or in divided doses by any appropriate route such as, e.g., by oral, intranasal, intramuscular, 
30 intra-lymph node, intradermal, intraperitoneal, subcutaneous, rectal or vaginal administration, or by a 
combination of routes. The skilled artisan will readily be able to formulate the vaccine composition 
according to the route chosen. The timing of vaccination and the number of boosters, if any, will preferably 
be determined by a veterinarian based on analysis of all relevant factors, some of which are described 
above. 

35 5.4. Oligonucleotide Molecules 

The nucleotide sequences of the polynucleotide molecules disclosed herein provide the 
information necessary to construct oligonucleotide molecules that can be used as amplification primers 
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and as probes in differential disease diagnosis, and these can readily be designed by the skilled artisan in 
light of this disclosure. Such oligonucleotide molecules are preferably at least about 15 nucleotides in 
length. Amplification of specific FIV genes and nucleotide sequences can be carried out using such 
suitably designed oligonucleotides by applying standard techniques such as, e.g., the polymerase chain 
5 reaction (PCR) which is described, among other places, in Innis etal. (eds), 1995, above; and Erlich (ed), 
1992, above. In a preferred embodiment, such oligonucleotide molecules comprise nucleotide sequences 
selected from the group consisting of SEQ ID NOS: 2 to 49, or the complements of said sequences. 

Regarding diagnostics, oligonucleotide molecules of the present invention can be used in a 
standard amplification procedure to detect the presence of an FIV polynucleotide molecule in a sample of 
10 feline tissue or fluid, such as brain tissue, lung tissue, placental tissue, blood, cerebrospinal fluid, mucous, 
urine, amniotic fluid, etc. The production of a specific amplification product can be used to support a 
diagnosis of FIV infection, while lack of an amplified product may point to a lack of infection. 

Generally, for PCR amplification, a mixture comprising suitably designed primers, a template 
comprising the nucleotide sequence to be amplified, and appropriate PCR enzymes and buffers, is 
1 5 prepared and processed according to standard protocols to amplify a specific FIV polynucleotide molecule 
of the template or a portion thereof. Other amplification techniques known in the art, e.g., the ligase chain 
reaction, may alternatively be used. 

The following examples are illustrative only, and are not intended to limit the scope of the present 
invention. 

20 6. EXAMPLE: CLONING OF THE FIV PROVIRAL 

GENOME AND INDIVIDUAL GENES INTO 
EUKARYOTIC EXPRESSION VECTORS 

6.1. Viral and Proviral DNA isolation 

Peripheral blood was obtained from a 5 yr old male cat prior to euthanasia at the Capital Humane 

25 Society, Lincoln, NE. The plasma sample tested FIV positive and FeLV negative (FIV antibody and FeLV 

antigen kits, IDEXX, Westbrook, Maine, USA), and the strain of FIV was designated as FIV-141. The 

source FIV plasma sample was sterile-filtered (0.22 \M) and inoculated intravenously into an 8 wk old 

SPF cat (identification No. 96QGW2), which was then observed for 12 weeks. Peripheral blood samples 

were taken weekly. Tissue samples taken at necropsy were used to confirm FIV infection, and to re- 

30 isolate and characterize the molecular and biological features of the new FIV isolate. Feline genomic DNA 

was isolated from the spleen of the FIV-inoculated SPF cat using a genomic DNA extraction kit 

(Stratagene, La Jolla, CA), and purified genomic DNA was dissolved in TE buffer at a concentration of 1 

>ig/nJ and stored at -70°C. 

6.2. Initial PCR Amplification and Cloning of 
35 Three Segments of the FIV-141 Genome 

Three sets of oligonucleotides were designed based upon the published sequences of other FIV 

isolates (Talbott et a/., 1989, Proc. Natl. Acad. Sci. USA, 86:5743-5747; Miyazawa etal., 1991, J. Virol. 

65:1572-1577; Talbott etal., 1990, J. Virol. 64:4605-4613). These oligonucleotides were used to amplify 
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three segments of the FIV-141 genome, the first segment at the 5' end. the second segment at the 3 end 
and the third segment in the middle of the genome. Because of a low copy number of the FIV provra 
genome in infected tissue, two rounds of PCR amplification were performed using a sem.-nested set of 
primers for each segment. 

5 Three primers, designated as Pr-1 (SEQ ID NO:2), Pr-2 (SEQ ID NO:3) and Pr-8 (SEQ ID NO*), 

were used to amplify the 5' segment of the FIV-141 proviral genome comprising nucleotides 117 to 646 of 
SEQ ID NO-1 This segment spans the majority of the 5' LTR. the intervening sequence between the 5 
LTR and the GAG open reading frame, and the N-terminal portion of the GAG gene. Primer sequences 
are presented in TABLE 1 below. The first round PCR amplification was performed using 200 ng each of 
10 Pr-1 (SEQ ID NO:2) and Pr-8 (SEQ ID NO:8) as primers, and 1 ng of feline genomic DNA as template, 
with a mixture of 0.5 U Tag DNA polymerase (Gibco BRL, Gaithersburg, MD) and 1 U Pfu DNA 
polymerase (Stratagene, La Job, CA). PCR amplification condrtions were: 94°C, 1min; followed by 30 
cycles of denaturing at 94°C for 45 sec, annealing at 52<C for 45 sec, and extension at 72°C for 2 
The second round PCR amplification was performed using primers Pr-1 (SEQ ID NO:2) and Pr-2 (SEQ ID 
15 NO:3) (TABLE 1) and 2 uJ of the first round PCR products as template. The same conditions as the first 
round amplification were used except that the annealing temperature was 55°C. 

Three primers, Pr-5 (SEQ ID NO:5), Pr-6 (SEQ ID NO:6) and Pr-7 (SEQ ID NO:7) (TABLE 1), 
were used to perform two rounds of PCR amplications and clone the 3' segment of the FIV-141 provral 
genome The 3' segment spans nucleotides 8874 to 9367 of SEQ ID NO:1 , consisting of the intervene 
20 sequence between the 3' LTR and the ENV gene, and most of the 3' LTR. Pr-5 (SEQ ID NO:5) and Pr-6 
(SEQ ID NO-6) were used in the first round, while Pr-6 (SEQ ID NO:6) and Pr-7 (SEQ ID NO:7) were used 
for the second round PCR amplification: The same conditions were applied to the react,on and 
amplification in the first and second rounds as described above. 

Three primers. Pr-3 (SEQ ID NO*). Pr-9 (SEQ ID NO:9) and Pr-10 (SEQ ID NO:10) (TABLE 1). 
25 were designed to amplify the segment from nucleotides 5147 to 5631 of SEQ ID NO:1 . spanning the C- 
termina. portion of the IN gene and the N-termina. portion of the Vif gene. The first round amplif.cat.or, 
was performed using Pr-3 (SEQ ID NO:4) and Pr-10 (SEQ ID NO:10). followed by the second round 
amplification using Pr-9 (SEQ ID NO:9) and Pr-10 (SEQ ID NO:10). The same conditions were appl.ed to 
the reaction and amplification in the first and second rounds as described above. 
30 PCR products from each of the three second round amplifications were applied to a 1% agarose 

gel and the expected size bands for all three regions were purified (Wizard PCR Preps kit; Promega. 
Madison Wl). The purified PCR fragments were cloned into pCR-Script Amp SK( + ) vector (Stratagene. 
La Jolla' CA) according to manufacturer's instructions, and their presence was confirmed by restr.ct.on 
enzyme digestion. The FIV specific sequence of each clone was determined by sequencing the two 
35 strands of the plasmid DNA (Advanced Genetic Analysis Center, St. Paul. MN). The consensus sequence 
from three independent clones was used to define the authentic FIV-141 sequence. 
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TABLE 1 

Primers used for cloning th FIV-141 proviral 
genome from infect d cat spleen genomic DNA 



Primer 
(SEQ ID NO:) 


Direction 


Sequence 


Pr-1 (2) 


forward 


1 1 7-CCGCAAAACCACATCCTATGTAAAGCTTGC-1 46 


Pr-2 (3) 


reverse 


646-CGCCCCTGTCCATTCCCCATGTTGCTGTAG-617 


Pr-3 (4) 


forward 


4738-ACAAACAGATAATGGACCAAATTTTAAAAA-4767 


Pr-5 (5) 


forward 


8793-ciOAA 1 la 1 LaCal/A 1 La 1 O 1 uiAAAAAlaAvauiMULaM-oo££ 


Pr-6 (6) 


reverse 


9367-TCTGTGGGAGCCTCAAGGGAGAACTC-9342 


Pr-7 (7) 


forward 


8874-TCTTCCCTTTGAGGAAGATATGTCATATGAATCC-8907 


Pr-8 (8) 


reverse 


1 047-TTACTGTTTGAATAGGATATGCCTGTGGAG-1 01 8 


Pr-9 (9) 


forward 


51 47-TTAAAGGATGAAGAGAAGGGATATTTTCTr-51 76 


Pr-10 (10) 


reverse 


5631-TTTCAATATCATCCCACATAAATCCTGT-5604 


Pr-11 (11) 


forward 


1 -TGGGAAG ATTATTGGGATCCTGAAG AAATA-30 


Pr-1 2 (12) 


reverse 


5460-CATATCCTATATAATAATCACGCGTATGAAAG- 
CTCCACCT-5421 


Pr-1 3 (13) 


forward 


5421-AGGTGGAGCTTTCATACGCGTGATTATTATAT- 
AGGATATG-5460 


Pr-1 4 (14) 


reverse 


9464-TGCGAGGTCCCTGGCCCGGACTCC-9441 


Pr-1 6 (15) 


reverse 


9444-CTCCAGGG ATTCGCAGGTAAG AGAAATTA-941 6 j 



Combination of the sequences from the 5' and 3' end segments revealed that the LTR of FIV-141 
consists of 354 bases, including 208 bases in the U3 region (from nt 1 to 208), 79 bases in the R region 
(from nt 209-287), and 67 bases in the U5 region (from nt 288 to 354). The terminal 2-base inverted 
10 repeat, the TATA box, the polyadenylation signal, and a number of putative cis-acting enhancer-promoter 
elements were perfectly conserved when compared with other FIV isolates (Talbott ef a/., 1989, Proc. Natl. 
Acad. Sci. 86:5743-5747; Miyazawa ef aA, 1991, J. Virol. 65:1572-1577; Talbott et al., 1990, J. Virol. 
64:4605-4613). 

6.3. PCR Amplification and Cloning of 
15 the Entire Proviral Genome of FIV-141 

The sequence information obtained from the three segments described above was used to design 

FIV-141 -specific primers to amplify and clone the entire proviral genome in two pieces, the 5' half and 3' 

half. Each half was amplified in two rounds of PCR amplification with a semi-nested set of primers. The 

5' half of the genome (nts 1 to 5460 of SEQ ID NO:1) was amplified as follows. For the first round PCR 

20 amplification, primers Pr-11 (SEQ ID NO:11) and Pr-10 (SEQ ID NO:10) were used (TABLE 1). Briefly, 



-32- 

PC10172C 



th s PCR reactron was set up in a total votume d 50 pi. containing 1 K - DNA -f* (1 

facilitate tn ^ ^ ^ ( ^ js m ^ pM2 (SEQ ID 

pnmer Pr-12 (SEQ Na 12) y ^ ^ h ^ ^ ^ After 

N012) primer sequence (TABLE 1). me same 

ampiMon was carried ™ erKi „ ,L FN . 141 p^ira, genome. The 

; N0:14) is a prima, composad of the last 24 bases ^ 
second roand an*r to ,» was performed us,ng pnmers Pr- 3 <S^ ) ^ 
N0; ,4). Pr-13 (SEO D NO:13, was -M - W' ^ ^ facMe the teter 
N0 :12), an Mlu I restriction silo was rncorporated into Pr-13 (SEQ ID > 
consign o, the tulMength FIV clone. Unfortunate*, aha, two rounds ' "^^ZZL ^ 

stable second^ structure ,n pnmer PM4p» ^ > ^ genome . Firs , 

N0:15), was designed »* a saquence ending 20 baa« 

- ::.zcr::;ra,^^ 

is presented herein as SEQ ID NO:1. The DNAStar program (DNAStar Inc., Madison, W.) 
perform sequence assembly, comparison and analysis. 

6.4. Cloning of Individual FIV-141 Genes 
Into pCMV-MCS and pCMV-HA 

35 cugr yoticEy p'- salon Vectors 

Th e pCMV-MCS express- veoto, <F,GUP.E 2, was oonetruoted trom the pCMVf repair 
(Contech. pi Mo, OA, Inthe tolling ateps. The Mabcfcafdase gana was removed trom me repoder 
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vector using the Not I restriction srtes. A synthetic DNA fragment containing multiple cloning srtes (MCS) 
including a Not I she at both ends, and EcoR V, Avr ... Bgl II, Cla I, K P n I, Nru Pac I, Nhe I, Swa I, Apa I, 
Sma I and S P e I srtes, was inserted into the backbone pCMVp vector to generate the express.cn vector 
pCMV-MCS To construct the pCMV-HA expression vector (FIGURE 3), a synthetic DNA fragment 
consisting of a sequence encoding a nine amino acid eprtope tag from human influenza hemagglutinin 
(HA) protein and a translation stop codon immediately following the HA tag was inserted into the pCMV- 

MCS vector at the Apa I and Spe I sites. 

Four FIV genes, including ENV, SU, GAG, and POL, were separately cloned .nto the pCMV-MCS 
vector in a similar fashion. Briefly, two primers were designed to amplify the particular gene using erther 
the 5' hart or 3' half F.V-141 clones as temp.ate (TABLE 2). A Cla . and a Spe I restriction enzyme srte 
were incorporated into the forward and reverse primers, respective*, to facilitate Coning into the vector 
The PGR reaction was set up in a volume of 100 ul, consisting of 10X reaction buffer (10 ,.). 50 mM 
MgC, 2 (3 mO, 10 mM dNTP (2 nl), each primer (1 pJ, 100 ng/,l), template (1 1 Tag DNA 

polymerase (0.5 pi. 5 U/ul). and sterile H 2 0 (81.5 pi). PGR amplifications were performed as follows: 
94<C for 3 min; followed by 30 cycles of 94X for 30 sec, 55°C to 62°C for 1min, and 72°C for 2min. The 
PGR fragment was purified using a Wizard PCR prep DNA purrtication krt (Promega, Mad,son Wl), 
digested wrth Cla I and Spe ., and then inserted into the pCMV-MCS expression vector that had been 
digested wrth these same two restriction enzymes. The entire open reading frame of each gene was 
verif ied by sequencing. 

For cloning the ENV gene, forward and reverse primers were used, as shown in TABLE 2 below. 
The Cla I srte in the forward primer and the Spe I site in the reverse primer are underlined. 

For cloning the SU gene, forward and reverse primers were used, as shown in TABLE 2. The two 
restriction enzyme sites are underlined. A stop codon (TCA) was incorporated in the reverse primer at nts 
23-25 

^ ' For cloning the GAG gene, forward and reverse primers were used, as shown in TABLE 2. The 
Cla I site in the forward primer and the Spe I site in the reverse primer are underlined. 

TABLE 2 

Primer sequences used to clone FIV genes into eukaryotic expression vectors. 3 



Expression 
Vector 

pCMV-MCS 



Forward Primer 
(SEQ ID NO.) 

5'-TTTCATCTGCATCGA 



5'-TTTCATCTGCATCGAT 



Reverse Primer 
(SEQ ID NO.) 

5'-CCTGTATTCTACTAGT 



CTAGTT CACCTTTTTTGTT 
TACCTTTATACCT-3' (19) 



pCMV-MCS 



pCMV-MCS 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



GAG 



POL I 



POLII 



5'-GGTAGGATCGATTC 
TACAGCAACATGGGGA 

ATGG-3' (20) 

5'-GGTAAAAATCGATCA 
TGAAACGGGGCGATGG 

GGCGAGC-3' (22) 

5'-TGTTAGATCGATAA I 
GTATAATAAAGTGGGTA 

CCACC-3' (24) 



5'-GTCTTCACTAGTAAG I I 
GTGGTAGTACCCATTGTA 

TTATAGT- 3' (21) 

5^ACTGCAAGTAGTCT I ^ ' 
ACTTACCTGCCAATCTTC 

G-3' (23) 

5^ACTGCAACTAGTCTIU 
TACTTACCTGCCAATCTTC 

G-3' (25) 



5' -G GTAGG ATCGATTC I 
ACAGCAACATGGGGAAT 

GG-3' (26) 



5'-GGACCTATCGATACC; 
ATGCCTATTCAAACAGT 
AAATGGAGCACC-3' (28) 
5'-GGCTCTTATCGATA(J 
CATGACAGTTCAAGCAA 
AAGGACCAAG-3' (30) 



'5'-CCCTGCACICl ICAI 
CGATA CCATGAGTGACG 
AAGATTGGCAGG-3' (32) 



5'-CTGI I IGGGGCCCAI 
AAGCCTGTGGAGGTCCT 

TCTTC-3' (27) 



c/rftnTTG GGGCCCT TGU 
ACCCTAGTAAGAGCCTCT 

GC-3' (29) 

^'.TATTAT GGGCCCC A I A 
TCTAACAATTTCTCCTCTA 

CCG-3* (31) 



5'-GGGATTATTTCTTCGG 
GCCCT AATTCTCCTGTCC 
ACAATAAATTCCT-3' (33) 



5--TTGTGGACGGGAAIC U '-AIAI lAAAAbAAAlALAd 
GATACCATGGAAGAAAT GCCCGGCAGTATTTATGG 
AATCCCACTG-3- (34) ATAATGT-3' (35) 
- 5--GTATAAAGGIA1CGA S^GAMIbOl GGGCCC;. 
TACCATGGCCGCTATTC I TCCTCCTCTTTTTCAGATA 



Rev 



PR 



RT 



TGCCACA-3' (37) 



ATAAACATGGCGGAGG I ATTAGCATTTTTTCTATTT 

GAGG-3' (38) | C ' 3 ' (39) 

5'-TGTTAGATCGAjAATG 5'-U I C I bAM CGGC^O 
TATAATAAAGTGGGTAC ATTACCAACCTTATGTTGA 

CACC-3' (40) ACTTAATC-3- (41) 

V-MCATAATCGALACCA 5 - 1 I O I AbyGGCCC^ I u 
TGGTCCAGATTTCAGAG GTTTGACAAAGTTCATCTA 
AAAATTCCAATAG-3' (42) I CCTC-3' (43) 
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pCMV-HA 


DU 


5'-CTTTGTATCGATACCA 


R'-CACCCAGGGCCCAAAG 


TGGTTATAGAAGGTGAA 

A ATA ! I A n O' 1 A A\ 


ACTCCAGTTGACCCAAAT 


pCMV-HA 


IN 


B'-GGGTCAATCGATACA 


5'-CAATCTGGGCCCCTCA 


ATGTCTTCATGGGTGGA 
CAGAATTGAA-3' (46) 


TCACCTTCAGGAAGAGTG 
CAGG-3' (47) 



a Cla I and Spe I (or Apa I) restriction sites are underlined in forward and 



reverse primers, respectively. 
For cloning the POL gene into the vector, two expression constructs (POL I and POL II) were 
made. The N-terminus of the POL I construct begins with the first residue of the shifted POL open reading 
frame, while the N-terminus of the POL II construct begins at the first residue of the protease (PR) protein. 
An initiation (ATG) codon with Kozak context was introduced immediately upstream of the POL gene for 
both POL I and POL II constructs. For cloning POL I, forward and reverse primers were used as shown in 
TABLE 2. The two restriction sites are underlined, and the introduced ATG initiation codon in the forward 
primer is at primer nts 15-17. For cloning POL II, forward and reverse primers were used as shown in 
TABLE 2. The two restriction sites are underlined, and the introduced ATG initiation codon in the forward 
primer is at primer nts 14-16. 

Eleven FIV-141 genes, including matrix (MA), capsid (CA), nucleocapsid (NC), protease (PR), 
reverse transcriptase (RT), deoxyuridine triphosphatase (DU), integrase (IN), transmembrane (TM), Vif, 
ORF2 and Rev, were each separately cloned into the expression vector, pCMV-HA. All the clones, except 
for Rev, were made in a similar fashion. Each individual gene was amplified using either the 5' half or 3' 
half clone of FIV-141 as template, and a set of primers as shown in TABLE 2, with the same amplification 
conditions as above. Cla I and Apa I restriction sites were incorporated into forward and reverse primers, 
respectively. After being digested with Cla I and Apa I, each gene fragment was cloned into the pCMV-HA 
expression vector that had been digested with these same two restriction enzymes. To clone the Rev 
gene, total mRNA extracted from FIV-141 -infected peripheral blood mononuclear cells (PBMCs) was 
reverse transcribed into cDNA, followed by PCR amplification. For each clone, the entire open reading 
frame of each gene was verified by sequencing. 

For cloning MA, forward and reverse primers were used as shown in TABLE 2. The introduced 
Cla I and Apa I sites are underlined in the forward and reverse primer, respectively. 

For cloning CA, forward and reverse primers were used as shown in TABLE 2. An initiation codon 
(ATG) was incorporated into the forward primer immediately upstream of the coding region of the CA 
gene, as shown in TABLE 2 at primer nts 16-18. The introduced Cla I and Apa I sites in the forward and 
reverse primers, respectively, are underlined. 

For cloning NC, forward and reverse primers were used as shown in TABLE 2. An initiation 
codon (ATG) was incorporated into the forward primer immediately upstream of the coding region of the 
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• n„ 17 19 The introduced Cla I and Apa I sites in the forward 
NC gene, as shown in TABLE 2 at pnmer nts 17-19. 

and reverse primers, respectively, are underlined. 2 ^ moduced 

For cloning VI. forward and reverse pnmers were used as show 

- — r 'C"Ii:= ----- n.—* 

initiation codon in the primer at nts 21-23 » the aum 

Fo, cloning TM, lomard and revere " upstream ot the coding region of Ihe TM 

rrri^'r^rrr^o^a^is.aa^a^a. 

l5 (ATG) was .Korporaled in,he ^ a nd Apa I s.es in ,he ,o™ard and reverse 

as shown in TABLE 2 at pnmer nts 14-16. The iraro 

( AT Q) — mleduMhe,^ 
20 as shown in TABLE 2 at pnmer nts 16-18. The.ntroc 

primers, respectively, are underlined. TABLE 2. An initiation 

For Coning DU, forward and reverse ^^^ -il>flodhB region of the DU 
codon (ATG) was incorporated in the forwar P m , — ^ P & ^ ( ^ ^ ^ ^ ^ 
gene, as shown in TABLE 2 at pnmer nts 16-18. The 

as shown in TABLE 2 al pnmer nts 16-18. The rntrccr 

prim... respect, ^ ^^p^Q^ ffl^ 

,. r H d I F1V gene construes prepanad as desc*ed above wane 
Plasmid DNAs Iron, each ot the FIV g % |n a 

C„e» ptale, using Trans IT ^^^^J^^m 1640 medium (1 
35 manufacWef s protocol. Brie%, Trans tT L.-1 {PANVERAH P> ^ ^ , 

ml) and incubaled a, room temperature ,or 15 medium „as removed ,rom 

solution, and incubated at mom temperature tor another 16 mm. OH 
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the cell monolayer, and the cells were washed once with serum-free RPMI. The cells were then incubated 
in the DNA cocktail in a C0 2 incubator (5% C0 2 ) at 37°C for 4 hr. The DNA cocktail was removed, and 2 
ml of fresh RPM1 1640 medium with 3% fetal calf serum (FCS) was added to each well. Transfected cells 
were analyzed 48 hr later for protein expression by Western blot, RT-PCR, and functional RT activity 
assays. 

7.2. FIV-141 Gene Expression Detected bv Western Blot Analysis. 

Transfected CRFK cells prepared as described above were harvested at 48 hr and lysed with 2X 
SDS-PAGE loading buffer. Cell lysates were loaded and run on a 4-20% gradient SDS-PAGE gel, 
followed by protein transfer onto polyvinylidene difluoride (PVDF) membranes (0.22 nM, BIO-RAD, 
Hercules, CA). The primary antibody, anti-HA MAb specific to the HA tag (Boehringer Mannheim, 
Indianapolis, IN), or serum from FIV infected cats, was applied to the appropriate blot and incubated for 3 
hr. After washing, antibody binding to specific proteins was detected with an alkaline phosphate- 
conjugated secondary antibody, as recommended by the manufacturer (Boehringer Mannheim, 
Indianapolis, IN). 

A specific protein band of the appropriate size was detected by Western blot for eleven 
expression clones, including the GAG polyprotein, MA, CA, NC, PR, DU, IN, Vif, Rev, ORF2 and TM, 
indicating that transfected cells carrying these constructs expressed the corresponding FIV gene products. 

7.3. FIV-141 Gene Expression Detected bv RT-PCR 

Seven expression constructs, including PR, DU, ENV, SU, Vif, POL I and POL II, were assayed by 
RT-PCR. Total RNA was harvested from transfected CRFK cells at 48 hr by lysing with a tissue shredder 
(Qiagen, Chatsworth, CA), followed by purification (RNA purification kit; Qiagen). RNA was eluted in 
DEPC-treated H 2 0 (50 ^l). cDNA was made with random hexamers as primers and Superscript II 
reverse transcriptase (Gibco BRL, Gaithersburg, MD). Duplicate reactions were set up in the presence or 
absence of Superscript II RT. FIV specific oligonucleotides were used to amplify gene specific fragments 
by PCR. PCR products were analyzed by running each sample (10|xl) on a 1 .2 % agarose gel. 

The RT-PCR data indicated that cells transiently transfected with each of the seven constructs 
expressed the appropriate mRNA. 

7.4. FIV-141 Gene Expression Detected by 
Reverse Transcriptase (RT) Activity Assay 

Gene expression of the RT, POL I and POL II constructs was tested by RT activity assay using a 

Reverse Transcription Assay Kit (Boehringer Mannheim). Transfected CRFK cells were harvested at 48 

hr post-transfection, and resuspended in lysis buffer (40 nl). The RT ELISA assay was performed 

according to the manufacturer's protocol (Boehringer Mannheim, Indianapolis, IN). The results showed 

that the RT construct, but not the POL I and POL II constructs, resulted in significant RT activity, indicating 

that functional RT protein was expressed in transfected cells carrying the RT construct. Failure to detect 

RT activity for the POL I and POL II constructs may indicate that the expressed protein was not properly 

processed. 
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8- EXAMPLE: E FFICACY OF DNA VACCINATION IN CATS 
8 - 1 - Pr Daration of plasmid DNA for vaccination 

Production of bulk purified plasmid DNA for this animal study was contracted to Bayou Biolabs 
(Harahan, LA). Coded samples of plasmid DNA (1 ng) were sent and each was transformed into DH5a E. 
coli competent cells. Each clone was grown in 8 liters of enriched broth. Plasmid DNA in all forms was 
purified first, followed by purification of the supercoiled form. The final purified DNA was dissolved in 
phosphate buffered saline (PBS) with 1 mM EDTA at a concentration of 2-5 DNA concentration was 
determined by UV absorbance and by fluorometry. Both methods gave the same concentration 
conf.rm.ng an absence of nucleotide contamination. Plasmid DNA was also analyzed by electrophoresis 
on a 1% agarose gel. Ethidium bromide stained gels showed that all the supercoiled purified plasmid 
DNA preparations were a mixture of mostly supercoiled plasmid with a small amount of dimeric 
supercoiled plasmid. No linear or nicked plasmid DNA, chromosomal DNA or mRNA contamination was 
visible on the gel. The plasmid DNA was shipped on dry ice and stored at -70°C. 

8.2. Vaccination and Challenge 
Four experimental vaccines were assembled, each with different combinations of the 16 FIV-141 
gene constructs (300 ng DNA from each construct/dose). Vaccine 1 (XFIV-1) consisted of all 16 FIV-141 
gene constructs. Vaccine 2 (XFIV-2) consisted of 7 structural gene constructs, including GAG MA CA 
NC, ENV, SU and TM. Vaccine 3 (XFIV-3) consisted of a mixture of structural and nonstructural gene 
constructs, including DU, PR, GAG, NC and MA. Vaccine 4 (XFIV-4) consisted of 9 nonstructural and 
regulatory gene constructs, including Rev, ORF2, Vif, IN, DU, RT, PR, POL I and POL II. 

Placebo consisted of both pCMV-MCS and pCMV-HA expression vectors in equal proportions 
S.nce the total DNA given in one dose varied between experimental vaccines, the amount of placebo DNA 
(2400 ng) was an average between the highest and lowest DNA doses. The appropriate volume of stock 
DNA from each construct was dissolved in sterile PBS (GIBCO). The final volume for each dose ranged 
from 2-3 ml. 

Antibody-profile defined, barrier-reared, domestic cats (n=60, approximately 8 weeks of age no 
smaller than 0.5 kg) were obtained from Liberty Research, Inc. (Waverly, NY.). Cats were vaccinated wrth 
k.lled vaccnes to feline herpes virus, feline calicivirus. and feline parvovirus. Sixty cats were randomly 
assigned by litter and sex to 6 groups prior to vaccination (TABLE 3). 
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TABLE 3 



GROUP 


VACCINE 




n 


l 




YES 


10 


2 


Placebo 


NO 


10 


3 


XFIV-1 


YES 


10 


4 


XFIV-2 


YES 


10 


5 


XFIV-3 


YES 


10 


6 


XFIV-4 


YES 


10 



Combinations and doses of FIV-141 gene constructs in experimental vaccines are detailed in 
TABLE 4. 

TABLE 4 



VACCINE 


ANTIGEN(S) -QUANTITY/ DOSE 


VOL/ DOSE 


Placebo 


1200ug pCMV-MCS DNA + 1200 ug pCMV-HA DNA; 
Total = 2400 u.g DNA 


2 ml | 


XFIV-1 


300 ug each DNA from Gag, POL I, POL II, ENV, SU, TM, 
PR, RT, DU, IN, Ma, CA, NC, Vif, Rev, ORF2; 
Total = 4800 ng DNA 


3 ml 


XFIV-2 


300 ug each from Gag, TM, SU, ENV, NC, CA, MA; 
Total = 2100 ug DNA 


2 ml 


XFIV-3 


300 ug each of DU, PR, NC, Gag, MA; 
Total = 1500 ug DNA 


2 ml 


XFIV-4 


300 ug each of Rev, ORF2, Vif, IN, DU, RT, PR, POL I, POL 
II; Total = 2700 ug 


2 ml 



Vaccines were administered intramuscularly at 4 week intervals when cats were 8, 12 and 16 
10 weeks of age. Four weeks following the last vaccination, cats were challenged at age 20 weeks by 
inoculating 354 TCID50 FIV-141 virus subcutaneously in the nape of the neck, and were observed for a 
total of 8 weeks post-challenge. 

8.3. Evaluation of Vaccine Efficacy 
Similar to HIV-1 disease progression (Graziosi etal., 1993, Proc. Natl. Acad. Sci. 90:6405-6409), 
15 FIV RNA load in plasma has been demonstrated to correlate with disease stage, and can predict disease 
progression in accelerated FIV infection (Diehl etal., 1995, J. Virol. 69:2328-2332; Diehl etal., 1996, J. 
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15 



20 



Virol 70-2503-2507). In this study, peripheral blood was drawn weekly to monitor the efficacy of the 
vaccination. Plasma viral loads were determined by both quantitative competitive-reverse transcr.pt.on- 
polymerase chain reaction (QcRT-PCR), and quantitative virus isolation on FeP2 cell culture. 

8.3.1. Quantitation of Viral RNA in P)*s™a bv QcRT-PCR 
Viral RNA was isolated from plasma samples using QIAmp Viral RNA Purification Kit (Qiagen). 

Each purified RNA sample was distributed into four tubes, and into each tube was added an internal 
competitive RNA template with decreasing amounts of RNA (from 1000 fg, 100 fg, 10 fg to 1 fg). RNA 
samples were subjected to RT-PCR using the Titan One Tube RT-PCR System (Boehringer Mannhe.m). 
A one-step PCR protocol provided by the manufacturer was performed with minor modrf.cat.ons to 
increase the sensitivity of the assay. The RT-PCR reaction was set up in a total volume of 38.5 pi 
containing: 6.5 mM DTT, 0.3 units RNase inhibitor, 0.3 mM dATP, 0.3 mM dGTP, 0.3 mM dTTP, 0.3 mM 
dCTP 10 4 ng of each FIV specific oligonucleotide, i.e., QPCR-11 (forward primer 1392- 
TGTAGAGCATGGTAT CTTG AAGCATTAGGAAA-1 423) (SEQ ID NO. 48), and QPCR-02 (reverse 
primer 21 75-GTTCCTCTCTTTCCGCCTCCTACTCCAATCATATT-21 41 ) (SEQ ID NO:49), 1.95 mM 
MgCI 2 and 1 pi of Titan Enzyme Mix. RT-PCR amplification conditions were 50°C for 90 min, 94°C for 3 
min; followed by 30 cycles of denaturing at 94°C for 30 sec, annealing at 55°C for 1 min, and extens,on at 

72°C for 2 min; followed by 72°C for 10 min. 

Each PCR sample was separated on a 1.0% agarose gel and stained with ethidium brom.de. 
Quantitation of viral RNA load was determined by comparing the intensity of the positive DNA band with 
that of the internal competitive standard control DNA band using the Gel-Doc system (B.o-Rad 
Laboratories). 

8.3.2. Quantitation of Viral Load in P'»«™« hy Virus Isolation 

Virus quantitation by culture was performed based on a modification of a method described by 
Meers et al 1992, Arch. Virol. 127:233-243. An IL-2 dependent feline T cell line (FeP2 cells) developed 
in the laboratory was used for virus isolation from plasma. FeP2 cells were grown in complete med.um 
(CM) consisting of RPMI 1640 supplemented with 10% heat-inactivated fetal bovine serum (FBS), 1% 
GlutaMAX-1, Insulin-Transferrin-Selenium-S (ITS-S) 43 mg/ml (100X) at 1%, Non-Essential Amino Adds 
Solution (NEAA) 10 mM (100X) at 1%, 2-mercaptoethanol 5.5 X 10 2 M (1000X) at 1 pl/ml, sod.um 
pyruvate 100 mM (100X) at 1%, gentamicin 50 mg/ml at 0.1%, recombinant human IL-2 at 100 U/ml, and 
Con A at 1 pg/ml. Each plasma sample was diluted 10-fold (10 1 to 10"*) in a 48-well plate using diluent 
media (DM) consisting of RPMI-1640 supplemented with 5% FBS, 20mM HEPES, 50pg/ml gentam.c.n, 
4U/ml heparin. Infection was carried out by adding 8.5 x 10 s of FeP2 cells into each well, followed by 
incubating at 37°C for 0.5 to 2 hr. CM (700 pi) was then added to each well and cultures were ma.nta.ned 
in the following manner: at day 3, 500 pi of supernatant was removed from each well and 700 pi of CM 
35 was added back; at days 7, 10, 13, 16, 19, 22 and 25, 675 pi of supernatant was removed from each well 
and 700 pi of CM was added back. Cultures were terminated at day 30. From day 19 to 30, the culture 
fluid removed from each well was tested for the presence of FIV P 26 using an FIV P 26 antigen krt 
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(IDEXX). Virus titer was calculated as the reciprocal of the last positive dilution and reported as tissue 
culture infectious dose (TCID) 100 /mL 

8 -3.3. Viral Load in Plasma Post-Challenae 

Compared with group 1 (placebo, challenged), groups 4 and 5 exhibited significant decreases in 
cumulative plasma viral load during the period of 8 weeks post-challenge. Groups 4 and 5 exhibited 
decreases of 1 9.3 fold and 25.4 fold, respectively, in cumulative plasma viral loads, as determined by virus 
isolation (FIGURE 4). Groups 4 and 5 also exhibrted decreases of 7.0 and 7.1 fold, respectively, in 
cumulative plasma viral RNA loads, as detected by QcRT-PCR (FIGURE 5). Group 4 was vaccinated 
with XFIV-2 consisting of 7 structural gene constructs, including GAG, MA, CA, NC, ENV, SU and TM 
Group 5 was vaccinated with XFIV-3 consisting of a mixture of structural and nonstructural gene 
constructs, including GAG, NC. MA, DU and PR. Group 3 exhibited a 4.4 fold decrease in plasma viral 
load, as determined by virus isolation, and a decrease of 6.7 fold in plasma viral RNA load, as determined 
by QcRT-PCR (FIGURES 4, 5). Group 3 was vaccinated with XFIV-1 consisting of all 16 gene constructs. 
Group 6 exhibited a 3.8 fold decrease in plasma viral load and plasma viral RNA load, as determined by 
v.rus isolation and QcRT-PCR, respectively (FIGURES 4, 5). Group 6 was vaccinated wrth XFIV-4 
consisting of 9 nonstructural and regulatory gene constructs, including Rev, ORF2, Vif IN DU RT PR 
POL I and POL II. 

Compared with group 1 (placebo, challenged), group 5 exhibited fewer time points when plasma 
virus titers were higher than 10 infectious doses/ml, as detected by virus isolation (FIGURE 6) 
Throughout the 8 week study, only 3 cats, for a total of 4 time points, were determined to have virus titers 
higher than 10 infectious doses/ml. Consistent with this observation is the decreased number of total 
positive time points in group 5, as detected by QcRT-PCR (FIGURE 7). Viral RNA in plasma was 
detected at 10 time points throughout the whole study for group 5. Following group 5 is group 4, which 
had a marked decrease in the number of positive time points at which virus titers were higher than 10 
infectious doses/ml, as detected by virus isolation. Moderate^ fewer positive time points, compared to 
control, for plasma viral RNA were detected in group 4 by QcRT-PCR throughout the whole study 
(FIGURES 6 and 7). A slight decrease in positive time points for both virus isolation and QcRT-PCR was 
observed in group 3 compared with positive control (FIGURES 6 and 7). There appears to be no 
difference between group 6 and group 1 in terms of the number of positive time points detected by both 
30 virus isolation and QcRT-PCR (FIGURES 6 and 7). 

Although no vaccinated group tested in this study was totally protected from infection (i.e., 
sterilizing immunity), decreases in plasma viral load were demonstrated in groups 4 and 5 during the 
monitoring period of 8 weeks post-challenge. FIV antigens in common among the two groups as encoded 
by the vaccine DNA include the GAG polyprotein, MA and NC proteins. Among the various conclusions of 
th,s study, we conclude that the GAG polyprotein and its substituent proteins, MA, CA and NC can 
stimulate protective immunity against FIV infection, and that polynucleotide molecules encoding these 
proteins are useful as vaccine agents. 
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All patents, patent applications, and publications cited above are incorporated herein by reference 
in their entirety. 

The present invention is not limited in scope by the specific embodiments described, which are 
intended as single illustrations of individual aspects of the invention. Functionally equivalent compositions 
5 and methods are within the scope of the invention. Indeed, various modifications of the invention, in 
addition to those shown and described herein, will become apparent to those skilled in the art from the 
foregoing description. Such modifications are intended to fall within the scope of the appended claims. 



